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ABSTRACT
An In v e s tig a tio n  of food h a b its  o f ju v e n ile  Penaeus az tecus was 
conducted In  A irp lane  Lake, a  sm all t i d a l  pond In  th e  marsh bo rdering  
B a ra ta r la  Bay, L ou isiana, R esu lts  In d ic a te d  th a t  younger ju v e n ile s  
were encounter fe e d e rs  u t i l i z i n g  th e  d e t r i t a l  o rgan ics and a s so c ia te d  
m ierofauna o f th e  bottom s u b s tra te .  As th e  shrim p m atured, they  were 
In c re a s in g ly  p red a to ry  on b en th ie  macrofauna. Change to  a  p reda to ry  
feed in g  h a b it was r e f le c te d  by in c re a se  in  o rgan ic  a s s im ila tio n  e f ­
f ic ie n c y , Ju v e n ile  shrim p fed  most e f f e c t iv e ly  in  th e  shore  zone o f 
A irp lane Lake where co n cen tra tio n s  o f  o rgan ic  d e t r i tu s ,  m icroorganisms 
and b en th ic  m eiofauna were h ig h e s t.
S e le c tio n  f o r  organic p a r t i c l e s  and a s s im ila tio n  e f f ic ie n c y  in ­
c reased  w ith shrim p s iz e .  An average o rgan ic  a s s im ila tio n  e ff ic ie n c y  
o f k l %  in  la r g e r  ju v e n ile s  ( 65- 6^  mm) was about double th e  e ff ic ie n c y  
recorded  in  sm a lle r  ju v e n ile s  (2 1 %  a t  2 ^ U 4  mm). In  c o n tr a s t ,  p ro ­
t e in  a s s im ila tio n  e ff ic ie n c y  d e c lin e d  w ith  s iz e .
V isual and chem ical a n a ly s is  o f  p a r t ic u la te  con ten t o f sediment 
rev e a le d  g re a te s t  co n cen tra tio n s  o f organ ic  d e t r i tu s  and ben th ic  
meiofauna a long  th e  sh o re lin e . H ighest p ro te in  co n cen tra tio n s  were 
a s so c ia te d  w ith f in e  d e t r i t a l  f r a c t io n s  below 160 microns p a r t ic le  
d iam eter.
v i i i
1
INTRODUCTION
The e x ten siv e  e s tu a r in e  marshes bo rdering  th e  no rthern  G ulf o f 
Mexico se rv e  a s  a  n u rse ry  a re a  f o r  th e  development o f penaeld shrim p 
from p o s tla rv a e  to  su b a d u lt. These e s tu a r ie s  p rov ide  a  r ic h  food 
supply in  th e  form o f decaying v a sc u la r  p la n t t i s s u e  and a s so c ia te d  
prim ary consumer organism s. The m aturing shrim p up to  5° feed  
d i r e c t ly  on both p la n t d e t r i tu s  and l iv in g  organisms and a re  th e re fo re  
c la s s i f i e d  as om nivores.
The young shrim p move in to  th e  e s tu a r ie s  and co n cen tra te  in  la rg e  
numbers in  shallow  marsh ponds and lak es  where reduced t i d a l  c u rre n t 
flow  and p ro te c tio n  from wave a c tio n  a llow  th e  accum ulation o f q u a n ti t ie s  
o f p la n t d e t r i tu s  w ith a s so c ia te d  m ic ro flo ra  in  th e  upper sedim ent 
la y e rs . Due to  th e  abundance o f food m a te ria ls  th e se  a re a s  a re  th e re ­
fo re  optimum s i t e s  f o r  th e  p o te n t ia l  estab lishm en t of shrim p mass c u l­
tu re  system s u t i l i z i n g  th e  reso u rces o f  a h ig h ly  productive n a tu ra l  
ecosystem (Keefe, 1972* K irby, 1971* Odum, 1971* Stowe, 1972).
S uccessfu l management o f p o rtio n s  o f an e s tu a ry  f o r  th e  commercial 
h a rv est of shrim p re q u ire s  a  b a s ic  understand ing  o f th e  food h a b its  
of th e  young shrim p and o f  th e  e x te n t o f  u t i l i z a t i o n  of th e  food 
m a te ria ls  provided by th e  marsh system . P resen t in fo rm ation  on 
n a tu ra l  food o f young shrim p i s  very  lim ite d . No d e f in i t iv e  s t a t e ­
ments can be made concern ing  th e  n a tu re  o f food s e le c tio n  o r  r a te s  
of o rganic  a s s im ila tio n  in  Juven ile  penaeld  shrim p.
The study  s i t e  was A irp lane Lake, a  sm all t i d a l  pond lo c a te d  in  
th e  marsh bo rdering  B a ra ta r ia  Bay, L ou isiana, An in v e s tig a t io n  o f th e  
g en era l food h a b its  o f th e  brown shrim p, Penaeus az tecus Iv e s , was
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conducted du ring  th e  p e rio d  from March i ,  1972 to  May 30, 1972,
The p r in c ip le  o b je c tiv e s  o f th e  in v e s tig a t io n  were to  determ ine 
th e  n a tu ra l  food m a te r ia ls  o f ju v e n ile s , t h e i r  a b i l i t y  to  s e l e c t  food 
from th e  sedim ent, th e  means o f s e le c t io n  and th e  o v e ra l l  a s s im ila tio n  
e ff ic ie n c y . Techniques toward th i s  end werej
1, A p h y sic a l and chem ical a n a ly s is  o f  th e  com position and concen­
t r a t io n  o f  l iv in g  and d e t r i t a l  m a te r ia ls  a v a i la b le  as food in  
upper sedim ent la y e rs  o f th e  la k e ,
2 . A p h y sica l and chem ical a n a ly s is  o f th e  com position and concen­
t r a t io n  o f food m a te r ia ls  in  th e  fo reg u t and midgut ju v e n ile  
shrimp from 25-104 ram t o t a l  le n g th .
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DESCRIPTION OF THE STUDY AREA
Shrimp (25-104- mm) Here c o lle c te d  in  A irplane Lake which i s  
lo c a te d  in  th e  t i d a l  marsh bordering  B a ra ta r ia  Bay, L ouisiana, The 
bay i s  an in te rd e l ta lc  e s tu ary  (Morgan, 196?). The complex of bays and 
lakes in  th e  reg ion  a re  p o rtio n s o f th e  in te r d is t r ib u to ry  bays of the  
Lafourche -  M iss iss ip p i system (F ra z ie r , 196?! Gagliano and Van Beck, 
1970), The lak e  in v e s tig a te d  c o n s is ts  o f two lobes o f approxim ately 
equal s iz e  w ith a  t o t a l  su rfa c e  a re a  o f 58 a c res  a t  h igh t id e  (F ig . 1) 
w ith a  w ater depth  ranging from 0 .5  to  2 ,0  m eters over th e  t i d a l  range 
(Jacob, 1971). Samples were c o lle c te d  along tra n s e c t  l in e s ,  A and B, 
as noted  in  F ig u re  1.
The w ater tem peratures in  th e  shallow  bays of th e  a rea  fo llow  a i r  
tem peratures and range from 10-28°C during  March, A pril and May, Top 
and bottom tem peratures in  th e  lake  vary le s s  than  i°C due to  th e  sh a l­
low depth and mixing a c tio n  o f waves and c u rre n ts  (B a rre t t , 1971). 
S a l in i ty  i s  a f fe c te d  by d a ily  and seasonal v a r ia tio n  in  wind, r a i n f a l l  
and d ischarge  from th e  M ississip p i R iver; th e  normal range i s  between 
15 and 25 ppt during  l a t e  sp rin g . Average t i d a l  v a r ia tio n  i s  about 
50 cm with sp rin g  t id e s  30-60 cm o r h igher flood ing  th e  marsh,
S p a rtln a  a l t e r a i f l o r a  i s  th e  predominate g rass in  th e  marsh s u r ­
rounding th e  lak e  and th e  p r in c ip le  c o n tr ib u to r  o f organic d e t r i tu s  to  
th e  lake  (Kirby, 1971), Macrophytic epiphytes in  th e  marsh and lake  
c o n s is t  o f th e  genera B ostrych ia . Polyaiphonia. Enteromorpha and 
E ctocarpus. Filam entous b lue-green  a lgae  a re  common on th e  su rface  
mud of the  marsh but a re  not un ifo rm ily  d is t r ib u te d  because of varying 
sediment c h a r a c te r is t ic s .  G reatest a lg a l  d en sity  occurs a t  th e
A
Figure  1, A irplane Lake -  B a ra ta r ia  Bay E stuary , L ouisiana
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water*s edge to  h e igh ts  of 10 cm on S p artin a  stem s. Diatoms a re  th e  
most common epiphytes (Stowe, 1972).
The predominate v e rte b ra te  fauna in  th e  B a ra ta r ia  Bay marsh con­
s i s t s  o f marine f is h e s  which use th e  e s tu ary  as a  nu rsery  ground. The 
most abundant forms a re  Bay Anchovy (Anchoa m i tc h i l l i ) . Spot (Leiostomus 
xanthurus) , A tla n tic  Croaker (Mlcropogon undu la tu s) and Sea C a tfish  
(G aleichthys f e l l s ) (Thomas, Wagner and Loesch, 1971).
Ranked in  o rd er of genera l abundance, in v e r te b ra te  fauna (excluding 
th e  la rg e r  decapods) p resen t in  th e  sedim ent, overly ing  waters and t i d a l  
marsh a re  as fo llow sj nematodes, copepods, aaphlpods, ostracods, 
po lychaetes, chironomid la rv a e , pelycepods, gastropods, tanaldaceans, 
s e rg e s tid s , mysidaceans and isopods.
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REVIEW OP LITERATURE
I .  Commercial S ig n ifican ce  of Penaeld Shrimp
The fam ily  Fenaeidae c o n s is ts  o f about 27 genera with over 200 
described  species (Burkenroad, 193^, 1939* Anderson and L inder, 19^5* 
D a li, 1958), In  th e  commercial f i s h e r ie s  o f th e  world, th e re  a re  some 
15 genera and 66 species in  th e  fam ily  (E ldred and Hutton, i 960) .  The 
penaeld shrimp Fenaeus a z te c u s . Penaeos s e tI fe ru s  and Penaeus duorarun 
comprise one o f th e  most Im portant commercial f i s h e r ie s  In  th e  United 
S ta te s , In  1972, 955 m illio n  pounds of shrimp were harvested  valued 
a t  243 m illio n  d o lla r s .  In  L ouisiana, 53 m illion  pounds of shrimp 
were harvested , c o n tr ib u tin g  over 20J& o f th e  t o t a l  ca tch  (Report o f th e  
D irec to r, N ational Marine F is h e r ie s  S erv ice , 1973). During th e  period  
from 1963-67 about 27# o f th e  t o t a l  shrimp production in  Louisiana was 
ob tained  from th e  B a ra ta r ia  Bay complex (L in d a ll e t  a l . , 1972),
I I ,  L ife  H isto ry  and D is tr ib u tio n
The commercial brown shrimp i s  th e  predominant form in  th e  Gulf of 
Mexico, I t s  range extends from F lo rid a  to  th e  northw estern coast o f 
Yucatan (P erez-F arfan te , 1969) .
Spawning i s  continuous a t  depths between 25-60 fathoms in  th e  
northw estern  Gulf and i s  most in ten se  in  th e  f a l l  (Renfro and Brusher, 
1965) , The shrim p develop through la rv a l  s tag es  and move in to  th e  
bays and c o a s ta l  e s tu a r ie s  a s  p o s tla rv ae  (6-15 mm), In  th e  no rthern  
G ulf, two annular peaks occur, one in  th e  e a r ly  sp rin g  and th e  o th e r 
in  th e  f a l l  (Gunter, 1950* Kutkuhn, 1962) ,
7
Growth ra te s
L aboratory In v e s tig a tio n s
Experiments by Pearson (1939) in d ic a te d  a  maximum growth r a t e  o f 
p o s tla rv a l  P, s e t l f e r u s  o f 0,56  mm/day, Z ein-E ld in  and A ldrich  ( 1965) 
(working w ith P . az tecu s  w ith an i n i t i a l  s iz e  o f 12 mm) noted th a t  
th e  most ra p id  change in  growth occurred  between 11-25°C, A maximum 
growth r a t e  o f  1 ,4  mm/day was ob tained  a t  32° but was accompanied by 
excessive  m o r ta li ty .
F ie ld  in v e s tig a tio n s
Rlngo (1965) c a lc u la te d  th a t  th e  growth r a t e  o f ju v e n ile  brown 
shrimp in  G alveston Bay averaged 30 mm p er month from March to  e a r ly  
A p ril. Growth r a t e  in c reased  to  51 mm per month w ith tem pera tu re  
r i s e  and reached a peak o f 100 mm per month in  May. Loesch (1965) 
c a lc u la te d  average growth r a te s  o f ju v e n ile  shrim p as 50 mm per month 
during  Spring . Ju v en ile  to  su b -a d u lts  grew a t  r a te s  o f 24-43 mm per 
month du ring  th e  summer and 12-35 mm p e r month du ring  th e  w in ter. 
W illiams (1955) estim ated  a  growth r a te  o f 46 mm p e r month during  
A p ril through June in  North C aro lina, Joyce ( I 965) estim ated  r a te s  o f 
45 mm p e r  month f o r  brown shrim p in  northw est F lo r id a ,
In  B a ra ta r ia  Bay, f i e l d  c o lle c tio n s  by S t, Amant, Corkum and 
Broom (1962) in d ic a te  a  range in  growth from 30 mm per month a t  
tem peratures below 20°C up to  45 mm p e r month below 25°C. L i t t l e  o r 
no growth was observed a t  tem peratures below 16°C,
Jacob (1971) re p o rte d  a  growth o f  23-46 mm per month from March 
to  June w ith an average o f  35 mm p e r  month f o r  ju v e n ile  brown shrim p
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c o lle c te d  from th e  A irp lane Lake study a re a . Water tem peratures 
du ring  th e  p eriod  o f c o lle c t io n  ranged from 15-35°C, Growth r a t e  
was rep o rte d  to  decrease  w ith in c re a se  in  popu lation  d e n s ity  and 
shrim p s iz e  u n t i l  a  popu lation  peak was reached in  Hay, w ith sub­
sequent red u c tio n  in  growth r a t e  a t t r ib u te d  to  d e p le tio n  of food 
sou rces in  th e  e s tu a ry ,
O ffshore m ig ra tion
In  L ou isiana, seaward m ig ra tio n  o f brown shrim p begins In  Hay 
o r  June and in te n s i f i e s  through August. The shrim p m igrate  a t  d i f ­
fe re n t  s iz e s  in  d i f f e r e n t  lo c a tio n s  (Copeland, 1965* Joyce, 1965) .  
T ren t (1966) noted a  m igratory  len g th  o f 60-130 mm.
Sexual m atu rity
S iz e  upon a tta in m en t o f sex u a l m a tu rity  i s  v a r ia b le , Burkenroad 
(1939) rep o rte d  r ip e  gonads in  14-5 »« fem ales c o lle c te d  in  th e  no rthern  
G ulf, Renfro (1964) found th a t  sexual m atu rity  was reached a t  a  len g th  
o f about 140 mm. P e rez -F a rfan te  (1969) observed males w ith jo in ed  
petasm al endopods a t  a  len g th  o f 85-101 mm. Females w ith jo in ed  l a t e r a l  
p la te s  o f th e  thelycum  were no ted  a t  a  len g th  o f  82-101 mm.
I I I ,  Food In tak e  and th e  D ig estiv e  P rocess
In  th e  h ig h e r m alocostracans, th e  f i r s t  s e v e ra l p a irs  o f th o ra c ic  
lim bs a re  m odified f o r  feed in g . The th i r d  m axillpeds a re  used more 
e x te n s iv e ly  by decapods in  fee d in g  than  any o f th e  o th e r  lim bs.
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Pood m a te ria l Is  picked up w ith th e  chelae  o f th e  walking legs 
and passed to  th e  m ax lllipeds, The m axlllipeds fu n c tio n  In  moving 
food to  th e  mouth and In re le a s in g  I t  near th e  m andibles. The in c iso r  
and tu b ecu la r processes o f th e  mandibles break up th e  food while con­
tin u e d  movement of th e  m axlllipeds push th e  food in to  th e  mouth.
Food e n te rs  th e  g a s t r ic  m ill from th e  esophagus where i t  i s  mixed 
with enzymes from th e  d ig e s tiv e  gland (D a li, 196?). The muscular con­
t r a c t io n s  o f th e  g a s tr ic  m ill  se rve  to  g rind  th e  food by th e  com­
bined a c tio n  o f th e  median to o th , th e  l a t e r a l  d e n tic le s  and th e  rough 
su rfaces of inorgan ic  food m a te ria l such as s h e l l  and sand aggregates, 
A bsorption o f d isso lved  food m a te ria l occurs in  th e  tubu les o f th e  
d ig e s tiv e  gland and through th e  e p i th e l i a l  c e l l s  o f th e  n idgut (Young, 
1959* B a ll, 1967, 1968),
IV, Food and Feeding
Young shrimp a re  considered  to  be d e tr i t iv o r e s  and a lg a l  feeders* 
while th e  a d u lts  have been described  a s  scavengers o r p reda to rs 
(M arshall and O rr, I960), Both ju v e n ile  and a d u lt shrimp a re  repo rted  
to  be omnivorous by Weymouth, Linderman and Anderson (1933), D arnell 
(1958) and Broad (1965) . Brown shrimp have been described  as 
omnivores having th e  sane general food h a b its  as white shrimp (Ferez- 
F a rfan te , 1969) .  Odum (1971) c la s s i f i e d  young pink shrimp as omnivores, 
C la s s if ic a tio n  of th e  Decapoda (N atan tia ) as p red a to rs , d e tr i t iv o re s  
o r omnivores i s  based mainly on a n a ly s is  o f fo reg u t co n ten ts . Numerous 
s tu d ie s  o f caridean  and penaeld shrim p Include th e  fo llow ing  examples! 
Carideans
K ersteren  and Job (195?) examined th e  I n te s t in a l  con ten ts o f  350
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specimens of Leander s ty l l f e ru s  from West Bengal, The con ten ts (%  t o t a l  
volume) Here as fo llow st sand g ra in s , 22%; d e b r is ( 3856; decapods, 1056; 
copepods, 6%; m ysids, 256; o th e r  c ru s tacea , 8s6j f i s h  la rv a e , 6565 in se c ts , 
3%; a lgae , 156; h igher p lan t p a r ts ,  2%, M iscellaneous m a te ria l included 
s h e l l  fragm ents and sp ic u le s ,
A llen ( I 965) examined th e  fo reg u t con ten ts  o f 200 Pandalina 
br e v i r o s t r i s . Food m a te ria l co n sis ted  of sm all in v e rte b ra te s  with 
crustaceans and an n e lid s  most common. Small cumaceans, amphipods and 
sp a t o f clams were id e n t i f ie d  in  th e  sam ples, P a r t ic le s  o f sediment 
were mixed w ith th e  food.
D arnell (1958) ,  In  a  food study o f th e  in v e r te b ra te s  o f Lake 
P onchartra in , L ouisiana, examined th e  fo reg u t con ten ts of th e  r iv e r  
shrim p, Macrobrachium ohione, in  th e  s iz e  range from 48-81 mm. F ine ly  
ground d e tr i tu s  and b i t s  o f organic m a te ria l composed over $ 0% o f th e  
co n ten ts , w ith sand g ra in s  comprising about 20%, The stomach con ten ts 
a lso  included clams, o stracods, arth ropod  integum ent, gastropods, 
hydro lds, sponge sp ic u le s , t i n t i n id s ,  fo ram in ife ra , a lgae , diatom s, 
eggs, cy sts  and remains of v ascu la r p la n ts . F ish  remains included eye 
le n se s , v e rte b ra , r ib s ,  o to l i th s  and s c a le s ,
Odum (1971) examined 329 Palaeaonetes in te rae d lu s  c o lle c te d  from 
th e  North R iver reg ion  o f th e  F lo r id a  Everglades and noted th e  fo llow ing 
con ten ts based on percen t t o t a l  volumet v ascu la r p la n t d e t r i tu s ,  2256; 
unrecognizable f in e  p a r t ic le s ,  22%\ m icroalgae, 856; anim al, 7% and 
f in e  inorgan ic  p a r t i c le s ,  41&
Penaelds
Foregut a n a ly s is  o f various members o f th e  penaeld shrimp have
11
revealed  con ten ts s im ila r  to  those  o f caridean  prawns, F l in t  (1956) 
s ta te d  th a t  th e  major item s in  th e  in te s t in e  o f th e  la rg e r  shrimp 
included p a r t ic le s  o f bryozoans, sponges, c o ra ls , sand covered with 
a lgae  ( l ith o p h y tic  d iatom s), ro o ts  and stems of h igher p la n ts , and 
filam en ts  o f b lue-green  a lg ae ,
Williams (1955) examined th e  gut con ten ts of 184 penaeids taken 
o f f  th e  coast o f North C arolina. M aterial in  th e  fo reg u t was described  
as f in e ly  t i t u r a t e d  and d i f f i c u l t  to  id e n tify . Most abundant m ate ria ls  
in  o rder of decreasing  frequency were as fo llow si unrecognizable 
d e b ris , c h i t in  fragm ents, se ta e  from a n n e lid s , an n e lid  jaws, p lan t 
fragm ents, and sand. O ther m a te ria l Id e n t i f ie d  included! fo ram in ife ran s , 
gastropods and la n e llib ra n c h  s h e l ls ,  squ id  suckers, sm all fiB h, f i s h  
sc a le s  and muscle f ib e r s ,
D arnell (1958) in  h is  study of th e  in v e rte b ra te s  o f Lake Fonchartra in  
examined th e  fo regu t con ten t o f P. s e t l f e r u s . Shrimp, 91-1^2 mm, con­
ta in ed  d e tr i tu s  and ground organic m atter com prising 52# of th e  t o ta l ,  
Mollusca composed 12# while ostracods and h a rp a c tico ld  copepods were 
le s s  than  o f th e  t o t a l  con ten t. Traces o f d ip te ran  and coleopteran  
la r v a l  remains were p re se n t. Foram iniferans were found along with 
t ra c e s  o f p lan t m a te ria l. A ll shrimp contained  q u a n ti t ie s  o f sand,
Eldred e t  a l .  (1961) s tu d ied  th e  food h ab its  o f F, duorarum from 
Tampa Bay, F lo r id a . P lan t m a te ria l found In  th e  stomach included 
th e  follow ing! p a r t ic le s  of leaves o f aq u a tic  macrophytes, ep iphy tic  
red  a lg ae , filam entous red  a lgae , filam entous b lue-green  a lg ae , diatoms 
and d ln o f la g e l la te s . Animal p a r ts  in  th e  gut included po lychates, 
nematodes, caridean  shrim p, mysids, copepods, isopods, amphipods,
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m olluscs, fo ra m in ife ra n s , carid ean  eggs, f i s h  sc a le s  and d e t r i tu s ,
Odum (1971) examined 18 P. duorarum o f 6-19 ®m carapace len g th  
c o lle c te d  in  th e  F lo r id a  Everglades and found th e  fo llow ing  com position 
"based on percen t o f t o t a l  volumei in o rg an ic  m a te r ia l ,  filam entous
b lue-g reen  a lg a e , b en th ic  d iatom s, Z%\ o s tra e o d s , Z%\ sm all m olluscs,
Z%% h a rp ac tico d  copepods, u n id e n tif ie d  an im als, 3^> u n id e n tif ie d  sm all 
p a r ts ,  Z %  and v a sc u la r  p la n t d e b r is ,  15&
D ali (1968) examined th e  in te s t in e  o f th e  A u s tra lia n  commercial 
penaeid  shrimps Penaeus a sc u le n tu s . P. m ergu iensis . P. p lebe.jus. 
Metapenaeus bennettae  and M, m acleay i. Food con ten t was found to  
c o n s is t  o f th e  rem ains o f sm a ll anim als and la rg e  amounts o f  un­
recogn izab le  m a te r ia l .  D ali concluded th a t  th e se  shrimp were oppor­
t u n i s t i c  omnivores which u t i l i z e d  p rim a rily  th e  microorganisms 
(b a c te r ia ,  a lg a e , and m icrofauna) found on th e  su rfa ce  of bottom 
sedim ents,
V, F a c to rs  A ffec tin g  Feeding and Growth in  Shrimp
A number o f f a c to r s ,  bo th  environm ental and p h y s io lo g ic a l, have 
been found to  in flu e n c e  th e  feed in g  a c t iv i t y  and growth r a t e  in  
shrim p. Some o f th e  more im portant f a c to r s  a re  as fo llo v s t
1. M aturity
A llen  (1965) s tu d ie s  o f PanrtaTlna b r e v l r o s t r l s  no ted  th a t  
37% o f  m ature shrim p had no food in  th e  fo re g u t w hile Z5%  o f  th e  
lmmatures were w ithout food. In  c o n tra s t ,  E ldred  e t  a l ,  (1961) 
no tes th a t  M istak id is  observed l i t t l e  d if fe re n c e  in  percen tage o f 
empty stomachs o f sm all o r  la rg e  Pandalus a o n ta g u ll .
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Pearson (1939) rea red  p o s tla rv a l white shrimp, 5-35 no, in  
aq u aria . Green a lg ae  were ea ten  and the  shrim p surv ived  well when 
a  shallow  la y e r  o f 'bottom sedim ents of sand and organic d eb ris  was 
added. At a  len g th  o f  about 15 mo o ther food m ateria l such as f i s h ,  
polychaetes and shrim p meals were re a d ily  taken ,
Williams (1959) noted th a t  pink and brown shrimp p o stla rv ae ,
10-25 re a d ily  a te  p ie c ' .  o f ground f i s h .  They were observed to  
s o r t  through th e  m a te ria l on th e  bottom o f th e  tank and s e le c t  and 
ea t a lg ae  a lso ,
Palaemonid la rv a e  were observed by Broad (1957) to  Ingest alm ost 
any p a r t ic u la te  m a tte r . No evidence of chem oselectiv ity  or s e le c tio n  
o f food o f any type was noted. Zoea were observed to  g rasp  and ho ld  
food w ith th e  m ax lllipeds ,
Z eln-E ld in , G r i f f i th  and H o llis  (1969) fe d  ju v en ile  penaeld shrim p 
on clam s, po lychaetes, amphlpods, n a u p lii  and adu lt b r in e  shrimp, 
p o s tla rv a l  seabobs and a ben th ic  d e t r i t a l  mat con ta in ing  tube dw elling 
po lychaetes, amphlpods and m olluscs. Each o f  these  food m ateria ls  
was ea ten  when p resen ted  alone but response to  combinations was v a ried , 
Polychaetes were observed to  be a  p re fe rred  food but th e  shrimp con­
tin u ed  e a tin g  th e  food i t  f i r s t  con tacted . Juvenile  brown shrimp below 
25 am d id  not g raze on th e  n a tu ra l  mat but J8 am shrimp reac ted  re a d ily . 
In v e s tig a to rs  have rep o rted  th a t  th e  e a r ly  la rv a l  s ta g es  feed  on 
plankton and suspended d e t r i t a l  m a te ria l, The in te rm ed iate  stages 
apparen tly  combine d e t r i t a l  feed in g  with scavenging on th e  bottom 
sedim ent. As th e  a d u lt  s tag e  i s  approached, p redation  i s  combined 
with d e t r i t a l  feed in g . The prim ary d iffe re n c e  in  feed in g  in  young
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and ad u lt Bhrimp i s  th e  n a tu re  o f th e  food m a te ria l se le c te d  (Pearson, 
1939» M arshall and Orr, I 96O1 W illiams, 1955* 1959).
2 . Molting
Passano ( i 960) s t a te s  th a t  decapod feeding  ceases immediately 
p r io r  to  i n i t i a t i o n  of th e  m olting cy c le . The shrim p depend on th e  
organic reserv es s to red  in  th e  d ig e s tiv e  gland during  th e  molt period .
3. Food a v a i la b i l i ty
In s tu d ie s  o f palaemonid shrimp, Broad (1957) p o stu la ted  th a t  th e  
q u a n tity  and type of food a v a ila b le  to  th e  shrimp du ring  th e  la rv a l  
and ju v en ile  l i f e  s tag es a c ts  as e x te rn a l fa c to rs  which a f fe c t  both 
th e  r a te  of development and frequency o f  ecdysie. These two v a riab le s  
a re  apparen tly  independent o f each o th e r  which suggests  th a t  o th er 
environm ental fa c to rs  a re  a ls o  in te ra c tin g ,
4. Temperature
Temperature i s  a  major environm ental fa c to r  a f fe c t in g  shrimp feed­
ing and growth. Laboratory in v e s tig a tio n s  by Z ein-E ld in  and A ldrich  
(1965) show th a t  post la rv ae  su rv ive  but do not grow a t  11°C and a 
s a l in i t y  o f 15 p p t. Growth r a te  was observed between 18-25°C. 
Experiments by Zein-E ldin  and G r if f i th  ( I 965) in d ic a te  th a t  tem perature 
a f f e c ts  th e  growth o f p o stla rv ae  by in c reas in g  th e  molt r a te  r a th e r  
than  by in c re a s in g  th e  increm ent per molt.
Feeding a c t iv i t i e s  o f shrimp a re  more vigorous in  summer than  in  
w in ter, Williams (1955) s t a te s  th a t  stomachs o f shrim p a re  almost 
always empty in  co ld er months, Kutkuhn (19*56) re p o r ts  th a t  s tu d ie s  
by M istak id is on th e  food con ten t o f Pandalus m ontagull showed a 
la rg e  percentage of empty stomachs in  th e  w inter.
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5. S a lin ity
There may "be some se le c tio n  f o r  s a l in i t y  by ju v en ile  shrimp in  
th e  estu ary . This s e le c tio n  would have a d ir e c t  e f fe c t  on growth 
ra te s  by r e s t r i c t i n g  the  zone of feed ing , Gunter, Christmas and 
K illebrew  (1964) s t a te  th a t  in  th e  bays of Texas young brown shrimp 
a re  found in  g re a te s t  abundance w ith in  a s a l in i t y  range from 10-30 
ppt, with h ighest concen tra tions above 20 ppt.
In  lab o ra to ry  experim ents, Z ein-E ldin  (1963) observed th a t  a t  
constant tem peratures, 24-26°C, p o s tla rv a l brown shrimp survived and 
grew over a  range of s a l in i ty  from 27-40 p p t. Except under extreme 
tem perature cond itions s a l in i ty  i s  not an im portant f a c to r  in  shrimp 
growth (Zein-ELdin and A ldrich , 1965).
6. Light in te n s i ty  and d le l  a c t iv i ty
Adult brown shrimp a re  p rim arily  noc tu rna l w ith feed ing  a c t iv i ty  
occurring a t  n ig h t, Eldred e t a l .  (1961) in  s tu d ie s  o f th e  pink 
shrimp, P, duorarum. found th a t  under low l ig h t  in te n s i t ie s  o r tu rb id  
water cond itions ju v en ile  to  sub -adu lt shrimp w ill  feed during d a y lig h t. 
Joyce (1965) noted th a t  brown ju v en ile s  composed over 71# o f t r i a l  
catches by day and concluded th a t  they  a re  both d iu rn a l and nocturnal 
In feeding  h a b its ,
7. Shrimp and food a c t iv i ty
Z ein-E ld in  e t  a l .  (1969) observed feeding  a c t iv i ty  o f ju v en ile  
brown shrimp held  in  aq u aria . Small 25 mm shrimp could  catch  and e a t 
slow moving a d u lt Artemla but were ab le  to  ca tch  and eat w ater boatmen 
(6 mm) only when th e  in se c ts  swam in to  th e  m outhparts. In  c o n tra s t ,
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75 ro® shrimp a te  a l l  foods, inc lud ing  p o s tla rv a l  seabohs which were 
18-25 mm in  t o t a l  le n g th . .
8. Shrimp d is t r ib u t io n  in  r e la t io n  to  food
Shrimp have been noted to  d is t r ib u te  them selves p rim arily  in  
r e la t io n  to  food supply. Young and a d u lt  white shrim p were observed 
by D arnell and Williams (1956) to  range from shallow  inshore  mud f l a t s  
to  deep w ater in  feed ing . E ldred e t a l ,  (1961) s ta te s  th a t  Mistafcadis 
found th a t  a  p o s it iv e  c o rre la t io n  e x is te d  between th e  abundance o f the  
seden tary  polychaete, S a b e lla r la . and shrimp con cen tra tio n s. Young 
penaeid shrimp a re  known to  concen tra te  in  th e  shallow  inshore  a re a s  
where d e t r i t a l  f r a c t io n s  a re  h ighest (Kutkuhn, 1966).
McNulty, Work and Moore (1962) study ing  th e  d is t r ib u t io n  of pink 
shrimp in  South F lo rid a  found th e  h ighest concen tra tions of shrimp 
over r ic h  organic su b s tra te s  composed o f p a r t ic le s  below 200 u in  
d iam eter. Haynes and Wigley (1969) noted th a t  th e  d is t r ib u t io n  of 
Pandalus b o re a lis  in  th e  Gulf o f Maine and New England waters was co r­
re la te d  with th e  bottom o rgan ics. Highest concen tra tions occurred 
over bottoms co n ta in in g  moderate (0.5-1.5% ) to  high (g re a te r  than  
1 .5%) amounts o f organic carbon.
Cover and su b s tra te  s e le c tio n
Williams (1959) found th a t  young brown shrimp p re fe r  a  s o f t  sub­
s t r a t e  o f mud o r f ib ro u s  peak. Sand o r c lay  s u b s tra te  were s a t i s f a c ­
to ry  a t  tim es but young shrimp were not a t t r a c te d  to  bare  c la y , sand 
o r s h e l l  b a rs .
H ildebrand (1955) 1® a study o f shrimp populations in  th e  G ulf o f
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Campeche found th a t  both young and a d u lt w hite and brown shrimp 
occurred in  g re a te s t  abundance on mud bottoms. The young o f pink 
shrimp were observed to  p re fe r  vegetated  bottoms composed of 
calcareous sedim ents,
Mock (1966) in  comparing shrimp populations along th e  shore l in e s  
o f sm all e s tu a r ie s  in  Galveston Bay, Texas, noted th a t  young penaeids 
concen tra te  in  th e  immediate shore zone. The su b s tra te  o f th i s  a rea  
was a  mixed s a n d s i l t  and c lay  o f porous n a tu re  and high organic con­
te n t .  S p a rtin a  a l t e m l f lo r a  provided p ro te c tiv e  cover. Over 90# o f 
th e  shrimp caught were p resen t in  th e  S p a rtin a  zone.
In o th e r  s tu d ie s  o f shrimp d is t r ib u t io n  in  Galveston Bay, Trent 
e t  a l ,  (1969) used polypropylene s t r i p s  as a su b s tra te  to  a t t r a c t  
shrimp. S tr ip s  were placed along th e  sh o re lin e  and 15 m eters o ffsh o re , 
one a t  th e  su rface  and one on th e  bottom. Of th e  235 caught, 63# were 
c o lle c te d  from th e  onshore s t r i p ,  from th e  o ffsho re  su rface  and 
from th e  o ffsho re  bottom s t r i p .  Low catches on th e  o ffsh o re  bottom 
s t r ip s  were a t t r ib u te d  to  lack  of a lg a l  growth which su p p lie s  food fo r  
o th e r organisms,
VI. The Marsh -  E stuarlne  Complex
E stuarine  marshes have high p ro d u c tiv ity  le v e ls  due to  th e  
n u tr ie n t  con ten t o f th e  s o i l s  and w ater. T ida l flow b rings in  n u t r i ­
en ts  which a re  trapped  by th e  su rface  sediment -  d e t r i tu s  complexes. 
Inorganic n u tr ie n ts  a re  converted to  organic biomass by th e  marsh 
v eg e ta tio n , S p a r tin a . with reconversion  by b a c te r ia ,  fung i and o th er 
microorganisms (Keefe, 1972). N u trien ts  a re  removed p rim arily  from th e
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deeper sediment by th e  p la n ts  so  th a t  equ ilib rium  o f th e  sediment w ith 
w ater occurs over annual seasonal periods (Pomeroy e t a l , , I 969) , In  
g en era l, th e re  i s  a  n e t export o f organic p roduction  to  th e  surrounding 
w ater. This export provides both d e t r i t a l  and d isso lv ed  food m a te ria ls  
and allow s th e  development o f a " d e tr i tu s - ty p e "  ecosystem, a  s ta b le  
secondary energy flow , a  complex organic s t ru c tu re  and a wide d iv e rs i ty  
of organisms in  th e  e stuary  (Odum and de l a  Cruz, 1963, 1967* Odum and 
Smalley, 1959* Heiraold and D aiber, 1970). In  Georgia marshes. Teal 
( I 962) rep o rte d  th a t  h-5% of n e t p ro d u c tiv ity  i s  exported,
V egetative p ro d u c tiv ity  i s  high in  th e  L ouisiana c o a s ta l  marsh, 
Kirby (1971) estim ated  a  t o t a l  n e t primary production  o f  S partina
a
a l t e m i f lo r a  as 2W* K eal/m  /y e a r ,  Stowe (1972) rep o rte d  a  ne t produc-
t i v i t y  o f ep iphy tic  a lgae  a t  waters edge as 60 g C/m which co n trib u ted
2
16 g C/m to  th e  overly ing  w ater column. Annual net production o f th e
p
filam entous a lg a , B o s tr lc h la . was estim ated  a t  9^2 g C/m . Epiphytic 
diatoms were observed to  be abundant on th e  stems of S p a rtin a  in  
flooded marsh zone. An annual diatom stand ing  crop of 1,36 X 10^ /cv?"  
was rep o rted  on stems to  a heigh t o f 10 cen tim eters from th e  su rface  
mud,
B stuarlne sedim ents 
Formation
In  th e  t i d a l  marsh both c u rre n t flow and wave a c tio n  a re  reduced, 
a llow ing th e  concen tra tions o f f in e  s i l t s ,  c la y s , and organic d e tr i tu s .  
The f in e  c o llo id a l  organic agg rega tes, which a re  p o s it iv e ly  charged, 
in te ra c t  with th e  n eg a tiv e ly  charged s i l t ,  r e s u l t in g  in  sedim entation 
(Emery and Stevenson, 1957), In  th e  marsh, th e  v e r t ic a l  S partina
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steins d is ru p t th e  w ater c u rre n ts  and th e  ex tensive  l a t e r a l  and v e r t ic a l  
ro o t system ten d  to  en trap  and s ta b l iz e  th e  s o f t  sediment (Keefe, 1972), 
Compaction o f sediment I s  a ided  by th e  mucoid se c re tio n  o f ben th ic  
f i l t e r - f e e d e r s  such as m ussels, o y s te rs  and an n elid s  (C arrlk e r, 1967).
Sediment o rgan ics
Organic m atte r in  submerged sediment I s  derived  from th e  decom­
p o s itio n  o f dead organisms, mucoid s e c re tio n s , f e c a l  m a te ria l, land 
ru n -o ff  and d e t r i tu s  from marsh v egeta tion  (Hayes, 1964* Pox, 1950).
The f in e  s i l t  and c lay  p a r t ic le s  p resen t an ex tensive  su rface  a re a  
f o r  attachm ent o f both d isso lved  and d e t r l t a l  o rgan ics. A cubic foo t 
o f c lay  may have a  su rfa ce  a rea  of over 200,000 square f e e t  (F rase r, 
1935). The t o t a l  organic ad so rp tion  on f in e  muds may be over 100,000 
tim es as g re a t a s th e  co ncen tra tion  in  th e  overly ing  waters (Pox,
Isaacs and Corcoran, 1952* Pox, 1957).
There i s  a  d ire c t  c o rre la t io n  o f organics w ith p a r t ic le  s iz e .  In 
gen era l, o rganic content i s  p ro p o rtio n a l to  th e  amount o f f in e  muds 
below 10 u in  diam eter (Waksman, 1933* Trask, 1939). C oncentrations 
o f organic carbon and n itro g en  in  muds o f e s tu a rln e  t i d a l  f l a t s  in ­
c rease  lo g a rith m ic a lly  w ith decrease in  p a r t ic le  s iz e .
Source o f sedim ent organics 
D issolved and su b -p a r tic u la te  organics
C o llo id a l organic m ice lles  can adhere to  exposed su rfaces by- 
ad so rp tio n , agglom eration and co n cen tra tio n , forming d ispersed  
p a r t ic le s  ( le p to p e l)  oozes, sludges and slim es (pelog lea) and th in  
o rganic sludges (sapropel) (D arnell, 1967).
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D arnell ( I 967) describes  s u b -p a r tic u la te  d e tr i tu s  as c o n s is tin g  
of c o llo id a l  m ice lles inc lud ing  la rg e  molecules o f p ro te in s , l ip id s  
and carbohydratest while sm all p a r t ic le s  c o n s is t  of v itam ins, amino 
a c id s , sugars , u rea s , n i t r a te s  and n i t r i t e s .  This d e f in i t io n  Includes 
a l l  m ateria l below 1 u In p a r t ic le  diam eter.
M olecular adso rp tion  occurs on both p a r t i c le  su rface  and in te r ­
s t i t i a l  w ater su rface  f ilm s . Bader (195*0 found th a t  a la n in e , sucrose, 
f ru c to se , su cc in ic  ac id  and o x a lic  ac id  a re  a c tiv e ly  adsorbed on 
c la y s . A ssociation  o f organic m olecules w ith su rface  film s has been 
shown by R iley  (1963) and B aylor and S u tc l l f f  ( I 963) ,
P a r t ic u la te  d e tr i tu s
P a r t ic u la te  d e tr i tu s  i s  c la s s i f ie d  as a l l  d e tr i tu s  la rg e r  than 
1 u in  diam eter (D arnell, 1967) . This d e tr i tu s  c o n s is ts  o f la rg e  
p a r t ic le s  such a s  fe c e s , shed exoskeletons, fragments o f v ege ta tion  
and sm alle r p a r t ic le s  such as fragm ents o f organisms, re g u rg i ta te s , 
and fe c a l  ex c re tio n s .
D e tritu s  may be c la s s i f ie d  as e i th e r  autochthonous o r allochthonous 
in  o r ig in . Autochthonous d e t r i tu s  c o n s is ts  o f such item s as 
phytoplankton, m arginal submerged v eg e ta tio n , mudflat diatom s, f i l a ­
mentous a lgae  and periphyton on stems o f emergent veg e ta tio n . Alloch­
thonous d e tr i tu s  i s  derived  p rim arily  from m arginal marsh veg eta tio n , 
d e t r i tu s  and from plankton brought in  by t i d a l  cu rren ts  (D arnell, 1967* 
Jorgensen, 1966).
D e tritu s  has been considered  to  be composed of s t r u c tu r a l  com­
ponents of v eg e ta tio n  rep re sen tin g  a  carbohydrate source (D arnell,
1964). In  a d d itio n , n itrogenous compounds must be a  s ig n if ic a n t  energy
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supply. As th e  d e t r i t a l  m a te ria l i s  d isru p ted , la rg e  amounts o f o r­
ganic n u tr ie n ts  a re  re le a sed  from th e  protoplasm and become a v a i l ­
ab le  f o r  su rface  adso rp tion  o r conversion to  b a c te r ia l  biomass. Kirby
(1971) found la rg e  q u a n ti t ie s  o f b a c te r ia l  n itrogen  on S partina  
d e tr i tu s  below 200 n in  p a r t ic le  d iam eter.
In  a  study  o f suspended d e tr i tu s  in  th e  w ater flow ing out o f a 
s a l t  marsh in  Georgia, Odum and de l a  Cruz (1967) found th a t  p a r t ic le s  
239 u , 64 u  and le s s  than  1 u in  d iam eter composed 1#, 4# and 95% 
re sp e c tiv e ly  of th e  t o t a l  suspended m a te ria l. Suspended a lg a l  d e tr i tu s  
c o n s is te d  of broken p ieces of la rg e  diatoms and d in o f la g e lla te  cases 
while animal d e t r i tu s  co n s is ted  of ch itin o u s appendages, fragm ents o f 
m olluscan s h e l ls ,  sc a le s  of f i s h ,  f e c a l  p e l le ts ,  s h e l ls  o f ostracods 
and fo ram in ife ran s , in se c t wings, b i t s  o f h a ir ,  b ird  fe a th e rs , e tc , 
S p a rtin a  d e t r i tu s  composed 95% of "the to ta l .  Although th e  sm all 
p a r t ic le s  were 70-80# ash , p ro te in  was 24# on th e  ash  f re e  b a s is  as 
compared to  10# in  l iv e  g rass  and 6# in  dead g rass as i t  en te red  th e  
water.
B ac te ria
B ac te ria  a re  a  major source o f organics in  th e  e s tu a rin e  
ecosystem. As p lan t d e tr i tu s  decomposes only p a r ts  o f c e l l  w alls a re  
l e f t  and a  major p o rtio n  o f th e  d ig e s tib le  organics a re  in  th e  form 
o f b a c te r ia  and fu ng i, Odum (1971) defines four' ways by which p lan t 
d e tr i tu s  can be u t i l i z e d  by a  h e te ro tro p h ic  communityi
(1) d isso lv ed  organics  microorganisms ----- h igher C rustacea
(2) d isso lved  organics  so rp tio n  on sediment p a r t ic le s   hlfeher
consumers
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(3 ) p la n t  m a te r ia l  ----- h ig h e r consumers
(4 ) p la n t  m a t e r i a l  b a c te r ia  and fu n g i —— h ig h e r consum ers.
C onsidering  th e  le v e ls  o f  d isso lv e d  o rg an ics  and b a c te r ia  in  
th e  marsh, th e  second  and f o r th  pathways a re  a p p a re n tly  th e  most im­
p o r ta n t d e t r i t a l  chains in  th e  e s tu a ry .
B a c te r ia  a tta c h e d  to  decomposing S p a r t in a  d e t r i tu s  remove d i s ­
so lv ed  n itro g e n  from  th e  v a te r  and from th e  pro toplasm  o f  th e  p la n t  
c e l l s ,  p roducing  p ro te in  which i s  th en  a v a i la b le  to  th e  consumers 
(B urkholder, 1956; B urkholder and B o m sid e , 19571 Odum and de l a  Cruz, 
19671 K irby, 1971).
B a c te r ia  a re  found to  c o n c e n tra te  in  a re a s  o f  f in e  sedim ent where 
s u rfa c e  a d so rp tio n  o f  o rg an ic  m olecu lar complexes p rov ide  food f o r  them, 
B a c te r ia  may be a t t r a c t e d  to  th e  su rfa c e s  o f p a r t i c l e s  by exo-enzyme 
c o n c e n tra tio n s  (Z o b e ll and Anderson, 1963; C a rr ik e r , 1967) . Odum and 
de l a  Cruz ( I 967) ,  in  B tud ies o f  suspended d e t r i t u s ,  observed th a t  
measured B.O.D. o f  th e  nanno f r a c t io n  ( le s s  th a n  1 u ) was more th a n  f iv e  
tim es va lues f o r  th e  64 and 239 u  p a r t i c l e  s i z e s  in d ic a t in g  h igh  
b a c t e r i a l  l e v e ls .  In  th e  G eorgia s a l t  m arsh, b a c te r i a l  p ro d u c tiv ity  
was found t o  compose 4?#  o f  th e  t o t a l  p ro d u ctio n  in  th e  marsh (T ea l, 
1962).
The upper 1 -1 .5  cm o f  e s tu a r in e  sedim ents may c o n ta in  a  biomass 
in  th e  range from 2-57 g/m /cm o f  sedim ent la y e r .  B a c te r ia l  biomass 
may exceed th e  mass o f th e  d e t r i t u s  t o  which th e y  a re  a tta c h e d . A 
growing b a c te r i a l  c e l l  may produce th r e e  tim es i t s  weight in  o rg an ic  
m a tte r  (C a rr ik e r , 1967).
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The biomass o f b a c te r ia  in  A irplane Lake i s  rep o rte d  to  be high­
e s t  in  th e  sp rin g . G rea tes t concen tra tions a re  found on th e  bottom 
of S p a rtin a  stems while th e  lowest concen tra tions occur in  th e  bottom 
sedim ents o f th e  lak e . P ro te o ly tic  b a c te r ia  form 20$ of th e  t o t a l  
count (Hood and Colmer, 1971).
F ecal organics
F ecal production  i s  im portant in  e s tu a r ie s  (Edge, 193^1 Moore, 
1955). Feces con ta in  a  m ixture o f inorganic  p a r t i c le s ,  in d ig e s tib le  
organic re s id u e  and mucus, Depending on w ater c ir c u la t io n  sediments 
may co n ta in  30-100$ f e c a l  p e l le t s  (Moore, 1955).
Feeding s tu d ie s  w ith e s tu a r in e  herb ivores show th a t  t h e i r  feces 
con ta in  assim iab le  organics in  th e  form o f b a c te r ia l  biomass, a 
r e c o n s t i tu t io n  o f res id u es  from th e  i n i t i a l  food sou rce. F ecal ex­
c re tio n s  can a ls o  be an im portant source of food to  omnivores 
(Frankenberg and Smith, 19^7* Frankenberg, Coles and Johannes, 1967) ,
Johannes and Satomi (1966) s t a t e  th a t  f e c a l  p e l le ts  may be 
thought o f as organisms in  th a t  th ey  c o n s is t , in  p a r t ,  o f aggregates 
o f l iv in g  c e l l s ,  they  consume and re le a s e  n u tr ie n ts  and organic n a t te r  
and serve  as food f o r  o th e r  organisms. They should be considered a 
dynamic component o f th e  marine ecosystem p a r t ic ip a tin g  in  energy 
flow  and n u tr ie n t  cy c les ,
D e t r i ta l  decay
M arshall (1970) d esc rib es th e  cy c lin g  o f organics in  th e  troph ic  
system as c o n s is tin g  o f  fo u r  basic  s te p s i
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(1) ox idation  "by th e  a c tio n  of i n t e r s t i t i a l  fauna and m icrobio ta,
(2) consumption by la rg e r  consumers -  infauna and epifauna and r e ­
tu rn  to  th e  cy c le  by e x c re tio n , b io d ep o sitio n , death and decay,
(3) lo s s  in  th e  tro p h ic  pathway by n a tu ra l  in g es tio n  (shrim p, f is h )  
and
(4) accum ulation in  th e  sedim ent.
Decomposition occurs by bo th  p h y sica l and chemical p rocesses. 
P h y sica l d is ru p tio n  i s  brought about by wave a c tio n , ro l l in g  by cu r­
re n ts  and by te a r in g  and g rin d in g  by consumers. Chemical d is ru p tio n  
occurs by ox idation  and h y d ro ly sis . In  chem ical decay, t i s s u e  may 
be broken down by a u to ly t lc  a c tio n  o f th e  t i s s u e  enzymes, by chemical 
a c t iv i ty  in  th e  gut o f consumers and by a c tio n  of sa p ro ly tic  b a c te r ia  
and fung i (D arnell, 196?), D e tr itu s  which i s  r e s i s ta n t  to  decay i s  
described  as humus and c o n s is ts  o f such m a te ria l as c e llu lo s e , l ig n in s ,  
biopigm ents, c h i t in ,  te e th ,  bones, s c a le s , eye len se s , e tc . These 
p e rs is ta n t  m a te ria ls  may provide a long term  source of energy to  th e  
system (Odum, 1959).
Decomposition i s  very ra p id  in  th e  zone o f oxygen p e n e tra tio n  
in to  th e  sedim ent. Dead phytoplankton may undergo complete d is ru p tio n  
in  f iv e  days (Hayes, 1964* M arshall, 1970), In  lab o ra to ry  t e s t s ,  
S p a rtin a  d e tr i tu s  (64 n) undergoes almost complete conversion to  
b a c te r ia l  biomass in  30 days a t  30°G (Kirby, 1971),
Organic concen tra tions
Organic co n cen tra tio n s in  e s tu a r in e  sedim ents a re  v a ria b le  and 
dependent on finvlronmental co n d itio n s . Various ranges o f percen t
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conten t o f organics a re  rep o rted  in  th e  l i t e r a tu r e ,  Hayes (1964) r e ­
p o rts  th e  fo llow ing percen t co n cen tra tio n s o f organic components in  
su rface  sediment f ra c t io n s  o f hays and lak es  assuming no lo s s  o f ashi
A s h --------------------------— —— 6,40
k
Wax and bitum in —— ——— 0,89
Hem icellulose — — — 0,98 
C ellu lose  ———— ——— 0.84
Lignin - ———— ———— 4 ,8?
T o ta l N ------------------------------- 0,35
T o t a l ---------------------------------15773
In  su rface  sedim ents Hayes (1964) re p o rts  th e  fo llow ing  average 
percentages based on percen t o f t o t a l  carboni
Soluble organ ics ( le s s  sugars and c e llu lo se )  —--------------   18-38$
Sugars and c e llu lo se s  ———————— — --- ——-----  5-10$
Lignin hum i s  ——— ---------—-------------------------------——-------47- 63$
Organic co n cen tra tio n s in  e s tu a r in e  bays in  Texas may range from 
a  maximum of 5$ in  th e  summer to  0 ,8$  in  th e  w in ter, Krumbein and 
Caldwell (1939) rep o rted  an organic carbon average o f 2 ,3 $  in  
B a ra ta r ia  Bay, L ouisiana. Ho (1971) found an organic carbon range of 
6 ,1 -6 ,4 $  w ith C/N r a t io s  o f 18 ,8 -18 .5  In  A irplane Lake.
V II, Ehergy Flow
The b asic  equation  of energy balance in  an organism can be ex­
pressed  by th e  fo llow ing  equation by Mann (1969)1
C - F + R + F + U
26
Hherei C » p o te n t ia l  energy o f food consumed
P p o te n t ia l  energy o f p roduction
R -  energy o f hea t lo s s  and work, a  fu n c tio n  o f
r e s p i r a t io n
F * fe c e s , p o te n t ia l  energy o f  food consumed but 
no t a s s im ila te d
U = e x c re tio n , th e  p o te n t ia l  energy lo s s  In  u rin e  
o r  through  th e  body su rfa c e .
The equation  can a ls o  be expressed  in  th e  reduced form
G -  P + R + F, assuming th a t  no e x c re tio n  o ccu rs. I f  t h i s  I s  t r u e ,
C—Fth e  p e rcen t a s s im ila tio n  o f s p e c if ie d  n u tr ie n t  Is  expressed  as —
This equation  Inc ludes energy lo s s  In  mucous s e c re tio n s  which re p re se n ts  
energy a s s im ila te d  and i s  a  component o f p roduction . However, no consid ­
e ra t io n  I s  given to  d isso lv e d  o rgan ic  lo s s  o r  to  energy lo s s  o f 
n itrogenous w astes (M cD iffett, 1970* Johannes and Satomi, 1967* Webb 
and Johannes, 1967).
V III , Method o f  C a lc u la tio n  o f  Ebiergy Flow
A number o f methods have been developed to  ev a lu a te  energy 
budgets and e s tim a te  food a s s im ila tio n  in  C rustacea (Tuikhow-Lukanina, 
Soldatova and N ikolayeva, 1968),
1, V isual methods have been used to  rough ly  e s tim a te  food u t i l i z a t i o n .  
These methods a re  based on comparisons o f p resence o r  absence of 
o rgan ics in  th e  fec es  (c o lo r ) , p la n t pigments (ch lo ro p h y ll)  and 
v a rio u s food fragm ents o r  p a r t i c le s  (Conover, 1966a),
2. R adio iso topes (P-32, C-14) have been used  as t r a c e r s  to  ev a lu a te  
a s s im ila tio n  in  p lan k to n -feed in g  copepods and o th e r  in v e r te b ra te s
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(Lasker, 1960j 1966). The technique provides an accu ra te  method 
fo r  evaluation  of a s s im ila tio n  in  s e le c tiv e  feed ing  in v e rte b ra te s  
which do not have formed fe c e s , but th e  method i s  tim e consuming 
due to  th e  requirem ent fo r  la b e le d  food m a te ria l (Odum, 19611 
Sorokin, 1966j Johannes and Satomi, 196?i R eichle, 1970).
3. The most accu ra te  method o f e v a lu a tin g  a ss im ila tio n  i s  d ire c t  
c a lc u la tio n  of a l l  values in  th e  basic  energy budget equation.
This involves a  de term ination  o f r e s p ira to ry  r a te s ,  use of r a t e  
equations and measures o f energy con ten t o f food and feces ( c a l­
o r ie s )  to  c a lc u la te  energy exchange. This i s  a  very d e ta ile d  
and tim e consuming process and can be used only in  co n tro lled  
lab o ra to ry  experiments (Riehman, 1958).
4, Estim ation o f energy a s s im ila tio n  has been attem pted by comparison 
of d iffe re n c e  in  dry  weight o f  food consumed and feces produced 
(Conover, 1961). This i s  a  q u a n ti ta t iv e  technique and req u ire s  
complete recovery o f feces ,
5, An in d ire c t  r a t io  technique was developed by Conover (1966a) by 
which a s s im ila tio n  r a te s  can be determ ined by comparison of changes 
in  th e  percent co n cen tra tio n s o f o rgan ics to  dry weight o f food 
and fe c e s . The assum ption i s  made th a t  th e  q u a n ti t ie s  of ash in  
th e  food and feces  a re  equal. This technique i s  adap tab le  to  
de term ination  of a s s im ila tio n  in  aq u a tic  in v e rte b ra te s  as i t  does 
not re q u ire  a  q u a n ti ta t iv e  recovery  o f fec e s . The method has been 
used to  ev a lu a te  a ss im ila tio n  in  penaeid shrimp (Condrey, 1971),
6. A ssim ilation  of a  sp e c if ie d  n u tr ie n t  can be c a lc u la te d  by in tro ­
duction  o f an in e r t  re fe rence  substance in to  th e  d ie t .  By comparing
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th e  r a t i o  of concen tra tions o f th e  re fe ren ces  to  th a t  o f th e  
n u tr ie n t  in  th e  food and fec es  th e  percen t a s s im ila tio n  can he 
determ ined w ithout need f o r  de term ination  o f th e  r a te  o f input 
o r  ou tpu t. Q u an tita tiv e  recovery  of feces  i s  not req u ired . This 
method has heen te s te d  in  food u t i l i z a t i o n  experiments w ith both 
caridean  and penaeid shrimp u sin g  chromic oxide as a re fe ren ce  
(Nose, 19&M F o rs te r  and G abbott, 1971).
IX. N u trien t Requirements and A ssim ila tion
In v e s tig a tiv e  emphasis
In  rec en t y e a rs , a  number o f in v e s tig a to rs  have considered  th e  
n u t r i t iv e  physiology of shrimp, The s tu d ie s  a re  p rim arily  r e la te d  to  
th e  eva lua tion  o f th e  n u tr i t iv e  requirem ents o f commercially im­
po rtan t sp e c ie s . Emphasis has been placed on th e  development o f com­
m erc ia l feeds which w ill  supply a  complete d ie t  in  pond o r  tank 
c u ltu re s .
These in v e s tig a tio n s  a re  concerned w ith th e  determ ination  of 
growth r a te s  o r a s s im ila tio n  on d ie ts  of varying p ro te in  sources and 
amino a c id  contents th e  determ ination  of energy production and ro le  o f 
sto rag e  o r  cy c lin g  o f l iq u id s  and carbohydrates* th e  d ig e s t i b i l i t y  o f 
p ro te in s , carbohydrates and l ip id s  from compounded d ie ts  derived  from 
p lan t o r anim al so u rces .
The m ajo rity  o f  th e  n u tr ie n t in v e s tig a tio n s  a re  based on lab o ra to ry  
experiments measuring growth o r a s s im ila tio n  (F o rs te r  and Gabbott, 1971* 
Condrey, 1971f Subramanyon and Oppenheimer, 19691 Deshiraaru and Shigeno, 
1972* S ick, Andrews and White, 1972). Pond and tank  c u ltu re s  have been
used to  t e s t  commercial d ie ts  by determ ining ra te s  o f food conversion 
o r feed ing  e ff ic ie n c y  based on growth (Wheeler, 19^7i Broom, 19^9* 
Moore and Elan, 1970).
Enzymatic a c t iv i ty
The concen tra tions and a c t iv i ty  o f enzymes a re  im portant in  
n u tr ie n t  a s s im ila tio n . Many of th e  decapods appear to  have a  f u l l  
complement of enzymes in  th e  d ig e s tiv e  gland (Yonge, 1924* Vonfc,
19<S0| Huggins and Munday, 1968), D ali (1965) found th a t  Penaeus 
o r le n ta l l s  possess a  high content o f p ro te in ases  and amylases. Based 
on comparisons o f a ss im ila tio n  r a te ,  Condrey, G osselink and Bennett
(1972) concluded th a t  p ro te in ases  and l ip a s e s  a re  more a c tiv e  than  
carbohydrases in  penaeids.
S trong carbohydrase and l ip a s e  a c t iv i t i e s  have been shown in  
th e  fresh w ate r crab  Fotamon m artensl (Agrawal, Taygi and Sharma, 1967) 
and in  th e  prawn Macrobrachium dayanum (Tyagi and Prakash, 1967) . 
C e llu lo se  a c t iv i ty  has not been described  in  th e  carideans but F o rs te r  
and Gabbott (1971) noted a  20% a ss im ila tio n  o f c e llu lo se  in  th e  gut 
of Falaemon s e r r a tu s .
P ro te in  and amino ac id s
The amino a c id  requirem ents o f shrimp a re  s im ila r  to  th a t  o f 
o th e r  in v e r te b ra te s . The amino a c id  requirem ents o f Falaemon 
s e r r a tu s . Penaeus aztecus and Penaeus .laponicus have been in v e s tig a te d  
by Shewbart, Mies and Ludwig (1971). Cowey and F o rs te r  (1971) and 
Deshimaru and Shigeno (1972). Best growth of P. japonicus was ob­
ta in ed  on d ie ts  con ta in ing  amino a c id s  w ith in  a  range s im ila r  to  th e
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d is t r ib u t io n  in  th e  shrimp. The basic  amino ac id s  ly s in e , h is t id in e  
and a rg in in e  a re  growth l im itin g  in  d ie ts  con ta in ing  le s s  than  60# 
crude p ro te in . The resea rch e rs  s t a te  th a t  th e  uptake of b a c te r ia  from 
sedim ents by omnivorous ju v en ile  shrimp appear to  supply a l l  th e  
e s s e n t ia l  amino ac id s  req u ired  in  n a tu ra l growth.
In v es tig a tio n s  by F o rs te r  and Gabbott (1971), Nose (1964) and 
Condrey (1971) showed high r a te s  of a s s im ila tio n  (90#) o f p ro te in s  on 
d ie ts  o f anim al o r p lan t m a te ria l. Condrey e t  a l .  (1972) rep o rted  
th a t  p ro te in  a ss im ila tio n  in  P, s e t l f e r u s  was lower on d e t r i t a l  
diatoms with high b a c te r ia l  le v e ls . They suggest th a t  th e  lower 
a s s im ila tio n  of p ro te in  may be due to  in a b i l i ty  of d ig e s tiv e  enzymes 
to  d is ru p t th e  b a c te r ia l  c e l l  w a lls . This could be a  c r i t i c a l  fa c to r  
in  shrim p feeding  on n a tu ra l p lan t d e tr i tu s  in  th e  estu ary .
D iets c o n s is tin g  of f i s h ,  shrim p, soy bean meal and maize 
co n tr ib u te  high le v e ls  o f p ro te in . A ssim ila tion  v a rie s  w ith content 
of crude p ro te in , Deshimaru and Shigeno (1972) observed th a t  th e  
growth o f P, japonlcus was d i r e c t ly  re la te d  to  th e  le v e ls  o f crude 
p ro te in . H ighest feed ing  e ff ic ie n c y  was observed on d ie ts  con ta in ing  
more than  60# crude p ro te in . S im ila r r e s u l ts  were obtained in  
experiments with P, japonlcus (Nose, 1964) and in  P. s e t l f e r u s  and 
aztecuB (S ick e t a l . , 1972),
Carbohydrates
The u t i l i z a t io n  of carbohydrates as an energy source in  decapods 
i s  not c le a r ,  D ali (1965) in  s tu d ie s  o f Mettapenaeus s p . found th a t  
most of th e  ingested  glucose i s  recovered as CQg with only 2# in co r-
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p o ra ted  In to  po lysaccharides,
Schafer (1968) s tudy ing  m a te ria l u t i l i z e d  by s ta rv e d  P, duorarun 
found th a t  th e  shrimp u t i l i z e d  mainly f a t  and p ro te in  reserv es s to re d  
in  th e  d ig e s tiv e  gland, Carbohydrates co n trib u ted  le s s  than  1# to  the  
energy pool. In  a  10 gram shrimp, th e  glycogen conten t of th e  d ig e s tiv e  
gland Has c a lc u la te d  to  supply up to  13#  o f th e  t o t a l  d a ily  c a lo r ic  
energy budget,
F o rs te r  and Gabbott (1971) found high carbohydrate a s s im ila tio n  
e f f ic ie n c ie s  (90#f ) in  Falaemon se r ra tu s  fed  d ie ts  con ta in ing  approxi­
m ately 5°# carbohydrate /d ry  weight, Condrey (1971) observed much 
lower e ff ic ie n c y  of a ss im ila tio n  (49-76#) in  penaeid shrimp fed  
diatom s, n a tu ra l  d e tr i tu s  and compounded d ie ts  con ta in ing  25#  o r  le s s  
carbohydrate co n ten t/d ry  weight.
N u trien ts  concen tra tion  in  a  d ie t  and ease o f d ig e s t i b i l i t y  a re  
im portant f a c to r s  In  d ig e s tio n , Condrey e t  a l ,  (1972) observed th a t  
a s s im ila tio n  o f  carbohydrates from a commercial f i s h  chow con ta in ing  
21# carbohydrate /d ry  weight was more than  th ir te e n  tim es as f a s t  as 
on a  diatom d ie t  con ta in ing  9# carbohydrate /d ry  weight, They con­
c lude th a t  carbohydrate a s s im ila tio n  would be low i f  l ip a se s  and 
p ro te in ases  were more a c t iv e  than carbohydrases.
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MATERIALS AND METHODS
I ,  Shrimp C o llec tion
Shrimp were c o lle c te d  "bi-monthly from March 1, 1972 to  May 30,
1972, Trawl tows were e s ta b lish e d  along tra n se c t l in e s  across A ir­
plane Lake and along the sh o re lin e  w ith in  15 fe e t  o f th e  shore . Trawl 
catches were ra p id ly  so rte d  and th e  shrimp were frozen  with dry ice ,
I I ,  S ize
T o ta l leng ths were recorded fo r  a l l  shrimp used in  th e  in v e s t i ­
g a tio n  of d ig e s tiv e  t r a c t  con ten t. Measurements were made to  th e  
n ea res t m illim e te r from th e  t i p  of th e  rostrum  to  th e  t i p  o f th e  te lso n .
I I I ,  Removal o f th e  D igestive  T rac t
The fo regu t o f frozen  shrimp was separa ted  from th e  surrounding 
t is s u e  a f t e r  c lip p in g  th e  carapace along th e  v e n tro - la te ra l  margins 
o f th e  cephalothorax and p u llin g  i t  f r e e  over th e  f ro n ta l  edge bounded 
by th e  eye s ta lk s ,  A d is se c tin g  microscope was necessary  in  th e  r e ­
moval o f a tta c h ed  t is s u e  and muscle f ib e r s .
The con ten ts  o f th e  ca rd iac  se c tio n  o f th e  fo regu t were sus­
pended in  a so lu tio n  c o n s is tin g  o f 5 ml o f a  0 ,6 %  CaClg and a 2,55?
NaCl so lu tio n , This procedure f a c i l i t a t e d  removal o f any extraneous 
t i s s u e  o f th e  d ig e s tiv e  t r a c t  and subsequent t r a n s fe r  o f th e  samples 
onto f i l t e r  pads.
Mldgut
In  removing th e  midgut, th e  cephalothorax was f i r s t  separa ted
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from th e  abdomen. Three methods were tested*  ( l )  complete removal o f 
th e  carapace by c lip p in g  along th e  v e n tro - la te ra l  m argins, (2) I so la tio n  
o f th e  abdomen by c lip p in g  th e  te lso n  a t  a  po in t ju s t  a n te r io r  to  th e  
an a l opening and c u tt in g  through th e  carapace of th e  abdomen to  one 
s id e  o f th e  d o rsa l mid-line* subsequently  th e  fo regu t was iso la te d  w ith 
a scape l and probe, (3) c lip p in g  th e  te lso n  from th e  abdomen, as in  
th e  second method, and e x tra c tin g  th e  midgut by p u llin g  i t  out through 
th e  f ro n ta l  opening of th e  in te s t in a l  passage.
Of the  th re e  methods, th e  second technique i s  th e  b e t te r  one, 
because i t  allow s In ta c t removal o f th e  m idgut. The th ird  method is  
f a s t e r  than th e  o th ers  but can be used only with th e  la rg e r  shrimp 
s in ce  th e  w all o f th e  d ig e s tiv e  t r a c t  i s  very th in  in  shrimp below 50 
mm in  leng th .
The con ten ts o f th e  mldgut were s tr ip p e d  from th e  d ig e s tiv e  t r a c t .  
The midgut was cut in to  se v e ra l sec tio n s  with a m icro-scapel. By hold­
ing one end of a  se c tio n  with fo rcep s , i t  was p o ss ib le  to  extrude the  
con ten ts by p ressin g  gen tly  along th e  leng th  o f th e  d ig es tiv e  w all w ith 
a probe.
Both fo reg u t and midgut samples were m aintained a t  5°C fo r  periods 
not exceeding 18 hours before f u r th e r  processing . Removal o f in te s t in a l  
con ten ts was accomplished with optimum e ff ic ie n c y  i f  th e  shrimp were a l ­
lowed to  thaw only p a r t i a l ly .  The frozen  t is s u e  remains firm  and does 
not t e a r  loose  with th e  g u t. This f a c to r  i s  e sp e c ia lly  c r i t i c a l  s in ce  
th e  fo regu t i s  surrounded by th e  d ig e s tiv e  gland which i s  e a s i ly  to rn  
with subsequent contam ination o f th e  fo regu t w ith d ig e s tiv e  f lu id s .
IV. F i l t r a t io n  o f Samples
I n te s t in a l  con ten ts o f sh o re lin e  and c en te r  lake shrimp groups 
were c o lle c te d  se p a ra te ly  onto g lass  f ib e r  f i l t e r s  by vacuum f i l t r a ­
t io n , The f i l t e r s  had been p rev iously  soaked fo r  5-iO minutes in  
deionized water to  remove loose  f ib e r s ,  then d r ie d  and s to re d  in  
d e ss ic a to rs  p r io r  to  weighing and use In sample c o lle c tio n .
Samples were tra n s fe r re d  to  th e  f i l t e r s  from th e  wash so lu tio n  
by a  dropping p ip e t . The m ate ria l on th e  f i l t e r s  was r in se d  with 
two washes o f one ml a liq u o ts  o f a  3^ NĤ COOH so lu tio n  to  remove 
adherent s a l t s  fo llow ing th e  method described  by Conover (1966a ) , The 
f i l t e r s  were d ried  by vacuum su c tio n  between a d d itio n s  o f a liq u o ts ,
The samples s t i l l  on the  f i l t e r s  were placed in  aluminum f o i l  weigh­
ing pans, d r ie d  a t  65°C f o r  12 hours, and s to re d  in  d e s s ic a to rs . Dry 
weight was determ ined to  th e  n ea res t 0,1 mg,
V, S ize Groups
I t  was necessary  to  combine c o lle c tio n s  o f e i th e r  fo regu t o r 
midgut from a number o f shrimp to  o b ta in  adequate sample m ate ria l 
fo r  r e p l ic a te  chem ical a n a ly s is  and fo r  v isu a l m icroscopic examina­
t io n  o f p a r t ic le  con ten t due to  th e  sm all s iz e  o f th e  shrimp and the  
f a c t  th a t  not a l l  shrimp c o lle c te d  contained  m ate ria l in  th e  gut.
Four shrim p s iz e  ranges were a r b i t r a r i l y  e s ta b lish e d  based on t o t a l  
len g th . These were a t  19 mm in te rv a ls  as follow s ( l )  25-44 mm,
(2 ) 45-64 mm, (3) 65-84 mm and (4) 85-104 mm. The number o f shrimp 
c o lle c te d  measuring le s s  than  24 nun and more than  104 mm were in ­
adequate to  allow  comparison w ith th e  o th e r groups.
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VI, Foregut -  P a r t ic le  A nalysis
Foregut co n ten ts  of shrimp were i n i t i a l l y  preserved in  a  10^ 
buffered  sea -w ate r fo rm alin  so lu tio n  (91 g hexam ine/gallon 10#  fo r ­
m alin), P o rtio n s  o f these  preserved samples were d ispersed  in  sev­
e ra l  drops o f a  sodium hexametaphosphate so lu tio n  (Calgon, 0 .6  g/L) 
on a  te s t  tube buzzer (Haven and Morales -  Alamo. 1966), Following 
d isp ersio n  th e  samples were mixed with 100# g ly ce ro l in  a  watch 
g la s s . Several drops o f l a c t i c  ac id  t in te d  with Chlorozol Black E 
were added to  th e  m ixture. The l a c t i c  ac id  a id s  in  c le a r in g  and 
th e  t i n t  i s  an e f fe c t iv e  s ta in  fo r  th e  arthropod c u t ic le  (Judkins and 
Flerainger, 1972), Best r e s u l ts  a re  obtained by a llow ing th e  con­
te n ts  to  re a c t overnight w ith th e  s ta in .
Visual a n a ly s is  of th e  p a r t ic u la te  m atter o f samples from shore 
and cen te r lak e  s ta t io n s  was conducted a t  m agnifications o f 100 and 
430 X, P a r t ic le  s iz e  was determ ined using  a c a l ib ra te d  Whipple 
plankton o cu la r micrometer fo llow ing methods described  by Jackson 
and Williams (1962) .  Maximum length  and width measurements were 
made of 100 p a r t i c le s  pe r sample. P a r t ic le s  were scanned u s in g  two 
s l id e  p rep a ra tio n s (50 p a r t i c l e s / s l id e ) ,
VII, Sediment -  C o llec tion  and P a r t ic le  A nalysis
Sediment samples were c o lle c te d  from shore s ta t io n s  and along 
tra n s e c ts  in  A irp lane  Lake (F igure l ) .  Sediment cores were c o lle c te d  
in  12" X 2,5" p la s t i c  tub ing , The co re  was c a re fu l ly  extruded from 
th e  tubing and th e  top  s e v e ra l cen tim eters, o r  l e s s ,  o f from 3-5  
cores were removed and s to re d  a t  5°G in  the  lab o ra to ry  f o r  subsequent
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a n a ly s is ,
D e t r i ta l  s iz e  f ra c t io n s  were c o lle c te d  by wet s ie v in g  through a  
s e r ie s  o f U. S, standard  mesh s ieves o f 420, 250 and 74 micron pore 
diam eter, Three mean p a r t ic le  s iz e s  were obtained -  700, 335 and 160 
microns. Samples o f th e  t o t a l  sediment and s iz ed  f ra c tio n s  were d ried  
a t  65°C fo r  48 hours. Samples fo r  v is u a l  p a r t ic le  an a ly s is  were p re­
served in  10# bu ffered  sea-w ater fo rm alin . A ll sediment m a te ria l used 
fo r  chem ical a n a ly s is  was reduced to  a  powder by g rind ing  with a  m ortar 
and p e s t le , and re d rie d  f o r  sh o rt periods (1-2 hours a t  65°C) and 
s to re d  in  d e s s ic a to rs ,
Preserved sieved  sediment f ra c tio n s  and t o t a l  sediment samples 
c o llec ted  from shore and c e n te r  lake samples were examined fo r  p a r t ic le  
content and s iz e  using  th e  same technique employed fo r  th e  shrimp fo re ­
gut exam ination. No in d iv id u a l p a r t ic le  measurements were determ ined 
fo r  th e  s ie v e  f ra c tio n s  s in c e  they rep resen ted  defined  s iz e  ranges. 
P a r t ic le s  contained  in  each of the  th re e  s iev e  f ra c tio n s  were examined 
and id e n t i f ie d  under a d is se c tin g  microscope,
V H I. O xldlzable Carbon
O xidlzable carbon in  sediment and shrimp fo regu t o r midgut sam­
ples was determ ined by th e  wet dichrom ate o x id iza tio n  procedure o f 
Johnson (1949) as m odified by S tr ick lan d  and Parsons (1965) .  Samples 
were p laced in  50 ml pyrex volum etric f la s k s ,  and d ig ested  fo r  12 
hours a t  a  tem perature range between 100-110°C, Each sample was p re ­
tre a te d  with phosphoric a c id  and heated f o r  one hour p r io r  to  ad d itio n  
o f dichrom ate so lu tio n . This acid  trea tm en t e lim ina tes th e  in fluence
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o f th e  h a lid e  c h lo rid e , which i s  r e a d i ly  o x id ized , by v o la tiz in g  most 
of th e  c h lo r id e  as HCi,
Glucose was used  as a  s ta n d a rd . The o x id a tio n  o f g lucose was a  
d ir e c t  l i n e a r  fu n c tio n  o f  th e  decrease  in  o p t ic a l  d e n s ity  by th e  
dichrom ate s o lu tio n ,
—2The dichrom ate ion  ) forms an orange co lo red  so lu tio n
which reduces to  a  green  o r  b lu e -v io le t  chromic (Cr+-̂ ) in  th e  presence 
of an o x id iz ab le  s u b s tr a te ,  The c o n ce n tra tio n  o f carbon i s  determ ined 
c o lo r im e tr ic a lly  from th e  d iffe re n c e  in  o p t ic a l  d e n s ity  o f  th e  sample 
and a  s o lu tio n  blank.
Organic m atte r can be d escribed  as carbon in  a  s t a t e  o f  red u c tio n  
with th e  degree o f red u c tio n  dependent on th e  c h a ra c te r  and q u a n tity  o f 
th e  elem ent p resen t. Three organic groups can be described* ( l )  th e  
carbohydrates which a re  s tro n g ly  hydrated  o r  hydroxylated compounds and 
a re  com pletely  ox id ized  by th e  dichrom ate, (2) l ip id s  which a re  com­
p le te ly  ox id ized  and (3) th e  crude p ro te in s  which a re  incom pletely  
ox id ized  (M aciolek, 1962) ,
Treatm ent w ith dichrom ate prov ides only an e stim ate  o f t o t a l  
carbon p re sen t due to  th e  incom plete o x id a tio n  o f c e r ta in  m a te r ia ls .
The p h y s ic a l s t a te  o f p ro te inaceous p a r t i c le s  and f a t t y  a c id s  which 
a re  im m iscible can h in d e r o x id a tio n , P ro te inaceous compounds decom­
pose, y ie ld in g  a c e tic  a c id  and amino a c id s  which a re  r e s i s t a n t  to  
o x id a tio n .
Carbon composes about o f  th e  t o t a l  o rgan ic  co n ten t o f most
m a te r ia ls , Waksman (1933) proposed a  r a t i o  o f o rgan ic  m a tte r  to  carbon 
of 1 ,88 and Trask (1939) a  r a t i o  o f 1 ,8 , corresponding  to  a  563S carbon
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co n ten t, I  assumed a $0%  carbon conten t and a  f a c to r  o f  2 ,0  to  convert 
o x id lsab le  carbon to  t o t a l  organic con ten t in  t h i s  study ,
IX, Organic N itrogen
Organic n itro g en  in  sedim ent, sediment f r a c t io n s  and in te s t in a l  
t r a c t  con ten ts was determined fo llow ing th e  method o f S trick lan d  and 
Parsons (1968) as described  by Holm-Hansen (1968), In  the  b asic  re a c tio n , 
n itro g en  is  converted  to  ammonia by a  Kjehdahl trea tm ent with s u l fu r ic  
a c id . The con cen tra tio n  o f ammonia i s  determ ined a b so rp tio m e trica lly  
by a  complex form ation with n inhydrin -hydrindan tin  w ithout d i s t i l l a t i o n .  
The b asis  o f the  development o f I t s  c o lo r  complex i s  described  by 
Moore and S te in  (195*+) and Jacobs ( I 965) ,
D igestion was accomplished by hea ting  r e p l ic a te  samples contained  
in  25 ml Folin-Wu blood sugar tubes in  a sand bath  a t  220° f o r  6  hours.
The d ig es tio n  mix c o n s is ts  o f s u lfu r ic  a c id  with SeOg as a  c a ta ly s t .  
Crushed and a c id  b o iled  Hengar granules were used a s  b o ilin g  ch ip s . In  
th is  a n a ly s is , n itro g en  in  the  organic compound I s  converted to  ammonia 
which come3 in to  so lu tio n  as ammonium s u l f a te .  The sample so lu tio n  i s  
made s l ig h t ly  a lk a lin e  by a d d itio n  o f NaOH using  phenolph thale in  as an 
in d ic a to r . The ammonium ion i s  re le a se d  and complexed with n inhydrin - 
hydrindantin  by h ea tin g  in  m ethy lce lloso lve  b u ffe red  by sodium a c e ta te . 
C oncentration o f organic n itro g en  was determ ined by comparing o p t i ­
c a l  d en sity  o f samples to  a standard  ammonium s u l f a te  so lu tio n . Pro­
t e in  content was c a lc u la te d  from n itro g en  percen tage, assuming th a t  
p ro te in  i s  16# n itro g en  (%  p ro te in  = 6,25  X % N),
X, C a lc u la tio n  o f Wet A ssim ila tio n  E ff ic ie n c ie s
IT
The in d ir e c t  r a t i o  method describ ed  by Conover (1966a) was used 
to  e v a lu a te  organic a s s im ila tio n  in  ju v e n ile  shrimp. The r e l a t io n ­
sh ip  i s  expressed a s  follows*
I  — E
% u* -  ------------------ X 100
(i-E ) ( I )
Where*
U' » n e t o rganic  a s s im ila tio n  as percen t of food in g ested  
I  = r a t i o  o f o rganic  weight * dry  weight o f food 
E = r a t i o  o f o rgan ic  weight * d ry  weight o f  fec e s  
In  my in v e s tig a tio n  th e  con ten t o f th e  fo reg u t rep re se n te d  food 




The equation  f o r  com putation o f U* can be m odified to  compute 
uptake o f a  s p e c i f ic  o rganic  m oiety, such as p ro te in , i f  th e  con­
c e n tra t io n  o f th e  m oiety in  th e  food and fe c e s  i s  known, Condry
(1971) d e riv ed  th e  fo llow ing  re la tio n sh ip *
rt  -  rn (1-U*/100)
% U*  --------------------------------  X 100
p r i
Where*
U* « n e t a s s im ila tio n  e f f ic ie n c y  o f p ro te in  a s  percen t o f  food 
p in g es ted
=> r a t i o  o f p ro te in  co n ten t to  t o t a l  o rganic  con ten t o f  food
r  = r a t i o  o f p ro te in  con ten t to  t o t a l  organic content of 
a feces
U* = ne t organic a s s im ila tio n
A complete l i s t i n g  of a l l  symbols used in  equations i s  presen ted
in  Appendix Table 10,
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RESULTS
I .  In troduction
The fo llow ing  d iscussion  c o n tra s ts  th e  r e s u l ts  o f v isu a l scans of 
th e  p a r t ic u la te  components o f th e  fo reg u ts  o f th e  ju v en ile  shrimp with 
s im ila r  observations on th e  p a r t ic u la te  conten t o f su rface  sedim ents and 
s e le c te d  s iev e  f r a c t io n s .  Food s e le c tio n  i s  rep o rted  on th e .b a s is  of 
p a r t ic le  category  and s iz e ,  shrimp s iz e  and lak e  reg ion . Measures of 
th e  organic con ten t o f th e  p a r t ic le s  in  th e  fo re g u t, sediment and 
sediment s iev e  f r a c t io n  provide a base fo r  subsequent eva lua tion  of th e  
a b i l i t y  of th e  shrimp to  e f f ic ie n t ly  d ig es t and a s s im ila te  th e  food 
m a te ria ls  s e le c te d  f o r  ingestion ,
H . Sediment -  P h y sica l Analysis 
A, P a r t ic le  com position
For convenience in  d iscu ssio n  o f p a r t ic le  com position, th re e  
c a teg o rie s  were e s ta b lish e d  as follows*
1. An organic category which was composed of a l l  forms of de­
caying v a scu la r p lan t and animal t is s u e s ,  inc lud ing  s k e le ta l  
components such as c h i t in  and s e ta e . Fragments o f S partlna  
a l t e m l f lo r a  were th e  predominate p o rtio n  o f th e  d e tr i tu s  
w ith decaying animal t is s u e  c o n tr ib u tin g  s ig n if ic a n t ly  to  
th e  m a te ria l c la s s i f ie d  as u n id e n tif ia b le  d e tr i tu s j
2, An In term ed ia te  category  formed from m ixtures o f organic 
m a te ria ls  with sand, t h i s  category  includes such p a r t ic u la te  
combinations as s a n d -d e tr ltu s , sand-aggregates, f e c a l  p e l le ts
U2
and amphipods and polychaete tubes,
3, An inorganic category  composed o f fo rara in ife ra  t e s t s ,  sand 
and s h e l l  fragm ents.
Appendix Table 1 p resen ts  th e  average percentage numbers fo r  
the  major p a r t ic u la te  components in  r e la t io n  to  th e  t o t a l  p a r t ic le  
content f o r  scans o f sediment c o lle c te d  near shore and in  th e  lake 
c en te r, The values rep re se n t means computed from te n  scans o f 
shore sediment and f iv e  scans of c e n te r  lake sediment (100 p a r t ic le s  
per scan ). Only those p a r t ic u la te  components comprising 0 . or  
more of th e  t o t a l  count a re  included in  th e  ta b le .  F igures 2 and 
3 dep ic t th e  percentage range of th e  th re e  prim ary ca teg o rie s ,
Organic category
The percen t organic p a r t ic le  content o f th e  t o t a l  sediment 
and s iev e  f ra c tio n s  was s im ila r  in  both shore and c e n te r  lake  
samples and increased  with p a r t ic le  s iz e ,  Organic components 
exceeded of the t o t a l  p a r t ic le  count in  th e  700 ji s ie v e  f ra c ­
t io n .
In term ediate  category
F ecal p e l le ts  were a  major component of th e  t o t a l  sediment 
sam ples, and o f th e  160 u and 335 Ju s ie v e  f ra c t io n s , Polychaete 
and amphipod tubes rep laced  f e c a l  p e l le ts  as th e  primary in te r ­
mediate m a te ria l in  th e  700 n  s iev e  samples,
Inorganic category
Sand g ra in s  dominated th e  t o t a l  sediment and 160 u  s ie v e  
f r a c t io n  samples in  both lake reg io n s . However in  th e  160 ji
Figure 2 , Shore Sediment -  Percent content of
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f ra c tio n , sand g ra in s in  the  c e n te r  lake  samples were approx i­
mately tw ice th e  count in  the  shore sediment. Sand g ra in s , s h e l l  
fragments and fo ram in ife ran  t e s t s  each composed 10# o r le s s  o f 
the  t o t a l  p a r t ic le  composition in  th e  335 « and 700 zx s iev e  f ra c ­
tio n s ,
B, Sieve F rac tio n s  -  Percent o f T o ta l Sediment 
Dry Weight
To g ive added dimension to  th e  d iscussion  o f  the  percentage 
composition of th e  sediment p a r t ic u la te  components, the  r e la t iv e  
s ig n if ic a n c e  of each s ie v e  f ra c tio n  o f th e  sedimenJ was d e te r ­
mined by comparing th e  s ie v e  f r a c t io n  dry weight to  th e  t o t a l  se d i­
ment dry w eight, T a tle  i  l i s t s  th e  percent o f th e  to ta l  sediment 
weight o f each s ieve  f ra c t io n  in  samples from shore  and c e n te r  lake 
reg ions, In a l l  sam ples, the  f in e  organic s i l t s  predominated. In 
th e  c en te r  lak e  samples, th is  f r a c t io n  comprised 88# of th e  t o t a l  
weight. In  shore sam ples, s i l t  was only 48# o f th e  t o t a l  weight, 
th e  d iffe re n c e  due to  th e  increased  percentage o f la rg e  organic 
fragm ents,
G, S ig n ifican ce  of P a r t ic le  C ategories
The average sediment sieve  f r a c t io n  dry weights (Table l )  
were used to  compute th e  r e la t iv e  p roportions o f each p a r t i c l e  c a te ­
gory in  sho re  and c e n te r  lake  reg ion  (Table 2 ) . The values l i s t e d  
in  Table 2 were ob tained  by m u ltip ly ing  the  dry weight mean (x) fo r  
each s iev e  f r a c t io n  by th e  average percentage sum f o r  each p a r t ic le  
category  as l i s t e d  in  Appendix Table i .
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Table 1. R atio  of s ie v e  f r a c t io n  dry  weight to  t o t a l  sedim ent dry 
w eight.
Sample Shore Sample C en ter-lake
# 700 u 335 U 160 U 700 JJ 335 U 160 II
1 44,2 11.8 44 .0 13 11,4 15.2 73.4
17 55.7 16.5 26 ,0 33 5.6 5.1 89.3
21 32.2 11.2 56.6 37 9.0 7.2 83.8
41 61.3 10 .3 2 8 .4 25 2.2 3 .3 94.5
65 24,2 14.3 61 .5 53 4.2 4 .0 91.8
81 26 ,4 14.1 59 .5 57 5.8 6.1 88,1
93 22,6 11 .6 65.8 73 3.8 6.1 90.1
105 48.4 6 .3 45.2 77 1 .3 4 .8 93.9
89 2 ,6 6.2 91.2
9 6.5 7 .8 85.7
sr 40 12 48 JT 5 7 88
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T able 2, Sediment p a r t i c l e  category  expressed as a r e la t iv e  
percen tage o f t o t a l  sedim ent dry w eight.
Category 160 JJ
Shore 





organic 8 4 24 organic 10 2 3
in te rm ed ia te 26 6 14 in te rm ed ia te 37 4 2
ino rgan ic 8 1 0 .5 inorganic 40 1 0 .5
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The r e la t iv e  percentage valves (Table 2) show the  dominance 
of both ino rgan ic  and in te rm ed ia te  p a r t ic le s  in  th e  160 u s ieve  
f ra c tio n . A s ig n if ic a n t  d iffe re n c e  i s  noted in  the  inorgan ic  
p a r t ic le  con ten t o f th e  two lak e  reg ions, In  th e  700 u s iev e  
f ra c t io n , th e  p a r t ic le  counts f o r  these  c a te g o rie s  were propor­
t io n a l ly  equal in  both regions o f th e  lake (Appendix Table l ) .  
However, th e  r e la t iv e  percentage values in d ic a te  th a t th e se  par­
t i c l e s  formed a s ig n if ic a n t ly  g re a te r  p roportion  of the  t o t a l  
sediment weight in  th e  shore zone than in  th e  lake  c en te r ,
I I I ,  Foregut -  Physica l A nalysis
A, Foregut -  P a r t ic le  Composition
Appendix Table 2 summarizes th e  an a ly s is  o f the  con ten t of th e  
fo regut by shrimp s iz e  c la ss  fo llow ing  the  same p a r t ic le  category 
c la s s i f ic a t io n s  used in  the  a n a ly s is  of th e  sediment sam ples. The 
values re p re se n t th e  number of each type p a r t i c le  as percen t of 
th e  t o t a l  count. Each l i s t e d  value i s  the  r e s u l t in g  d a ta  mean fo r  
eleven scans o f fo reg u t conten ts from shrimp caught along th e  shore 
and seven scans of shrim p from th e  cen te r o f  th e  lake (100 p a r t ic le s  
per scan ).
Organic category
P a r t ic u la te  organic content o f th e  fo reg u t increased  w ith 
shrimp s iz e  (F ig, 4 ) . Maximum in c rease  in  organic  content o f the 
fo regu t occurred between the  25-44 mm and 45-64 mm s iz e  c la s se s ,
The r e la t iv e  percentage o f organic p a r t ic le s  in  th e  fo regu t was 
s im ila r  in  both lake  reg ions w ith some f lu c tu a tio n  among s iz e  
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C h itin  fragm ents and c h i t in - d e t r i tu s  aggregates to g e th e r  
formed th e  main id e n t i f i a b le  o rganic  p a r t i c le  con ten t in  th e  
fo reg u t in  shrim p above 45 mm t o t a l  le n g th . U n id e n tif ia b le  
d e t r i tu s  was th e  p r in c ip le  organic component in  th e  fo regu t o f 
shrimp in  th e  25-44 mm s iz e  c la s s .  Large S p a rtin a  fragm ents 
composed le s s  than  10# o f th e  t o t a l  co n ten ts  in  a l l  shrimp 
examined.
In te rm ed ia te  category
P a r t ic le s  c o n s is t in g  o f a com bination o f organic m a te r ia ls  
with Inorgan ic  sedim ent components c o n tr ib u te d  5-20# o f th e  
fo regu t co n ten t in  a l l  s iz e  c la sse s  (F ig . 5 ). A g radual d e c lin e  
In average percen t con ten t was observed w ith Increase  in  shrim p 
s iz e .  The co n cen tra tio n s  o f th e  in te rm ed ia te  f r a c t io n s  in  th e  
fo reg u t were s im ila r  over th e  shrim p s iz e  range in  both lak e  
reg ions w ith th e  exception  o f th e  85-104 mm s iz e  c la s s .
Inorganic category
The ino rgan ic  p a r t i c l e  con ten t o f th e  fo reg u t e x h ib ited  a  
c o n s is te n t d e c lin e  w ith shrim p s iz e  (F ig , 6 ); while the  percen t 
inorgan ic  co n ten t was s im ila r  in  both shore  and c e n te r  lake 
sam ples. Sand p a r t i c le s  composed a m ajor percentage o f the  
ino rgan ic  f r a c t io n  In  th e  fo reg u t o f sm a lle r  shrim p while s h e l l  
p a r t ic le s  were prominent in  th e  fo re g u t o f la rg e r  shrimp.
B, P a r t ic le  s e le c tio n
The re g u la r  in c re a se  in  th e  percen t organic p a r t ic le  con­
te n t  o f th e  fo reg u t and c o n tra s tin g  d e c lin e  in  th e  inorgan ic
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F i g a r o  5. Average percen t In term ediate  p a r t ic le  
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100—|g  F igure  6 . Average percen t inorganic  p a r t ic le
conten t o f shrim p fo reg u t.
a C enter-lake
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f ra c tio n s  w ith in crease  in  shrimp s iz e  o ffe rs  support fo r  the  
hypothesis o f a c tiv e  s e le c tio n  o f organic components from th e  
sediment (Appendix Table 2 ), Organic p a r t ic le s  exceeding 250 ji 
in  s iz e  formed more than 80?5 of th e  t o t a l  p a r t ic le  conten t o f the  
fo reg u t o f shrimp in  th e  85-104 mm s iz e  c la s s  c o lle c te d  in  th e  cen­
t e r  o f the  lake ,
The a n a ly s is  o f the  sediment s iev e  f ra c t io n  p roportions 
(Table l )  shows th a t  th e  160 ji f ra c t io n  composed 88%  o f  the  t o t a l  
sediment dry weight in  th e  c e n te r  lake  sedim ent. Inorganic pa r­
t i c l e s  co n trib u ted  U0% o f  th e  t o t a l  weight o f th i s  f ra c t io n  
(Table 2 ), These d a ta  a re  considered  d ire c t  evidence in d ic a tin g  
s e le c tio n  o f organic p a r t ic le s  from th e  sedim ent.
The high percentage of c h i t in  in  the  fo regu t o f shrimp above 
45 mm in d ic a te s  th a t  th e  ju v en iles  become la rg e ly  predatory  a t  
t h i s  s iz e  (F ig . 4 ) . This in d ic a tio n  i s  supported ty  th e  fa c t  th a t 
th e  content o f c h i t in  in  the  sediment i s  very low due to  rap id  
b a c te r ia l  degradation , p recluding  th e  p o s s ib i l i ty  o f s ig n if ic a n t  
random in g es tio n  o f c h i t in  fragm ents (Hood and Colmer, 1971).
The presence o f sa n d -d e tr itu s  and sand-aggregates in  the  
fo regu t may be in d ire c t  evidence fo r  p a r t ic le  s e le c tio n . These 
p a r t ic le s  were not randomly ingested  as sand aggregates were 
id e n t i f ie d  only in  th e  335 » sediment s iev e  f ra c tio n  a t  con­
c e n tra tio n s  which averaged le s s  than  2%  o f th e  t o t a l  p a r t ic le  
count o r about 5% o f  th e  s iev e  f ra c t io n  dry  weight (Table 2 ).
These p a r t ic le s  a re  be lieved  to  rep re se n t po rtions o f fe c a l p e l­
l e t s  o r polychaete tubes which have been in g ested , d isru p ted  by
5^
th e  a c tio n  o f th e  g a s t r ic  m ill  and subsequen tly  mixed w ith th e  
f in e  o rganic  d e t r i tu s  in  th e  fo re g u t. The h ig h er percen tage o f 
sand aggregates in  th e  fo reg u t o f  shrim p in  th e  f i r s t  two s iz e  
c la s s e s  (Appendix T able 2) does not o f f e r  d i r e c t  evidence fo r  
s e le c tio n  o f f e c a l  p e l l e t s  a s  th e se  p e l le t s  form a m ajor p o rtio n  
of th e  t o t a l  sediment and may be randomly in g es te d .
Aggregate p a r t ic le s  o f sand o r  sand and d e t r i tu s  which a re  
p resen t in  th e  fo reg u t o f  th e  la r g e r  shrim p a re  considered  to  be 
f r a c t io n s  o f po lychaete  tu b es . This m a te r ia l i s  ap p aren tly  in g e s t 
ed randomly by th e  shrim p as they  t e a r  a p a rt th e  tubes to  o b ta in  
po lychaetes . The percen tage  co n ten t o f s a n d -d e tr i tu s  p a r t ic le s  
in c reased  in  th e  fo reg u t o f th e  85-10**- mm shrim p c o lle c te d  from 
shore a re a s  while d e c lin in g  in  th e  c e n te r  lak e  sam ples. This d i f ­
fe ren ce  may r e f l e c t  th e  r e l a t iv e  abundance of polychaetes in  two 
lak e  reg io n s ,
C. P a r t ic le  Area Index
Appendix Table 3 l i s t s  th e  mean values f o r  p a r t i c le  a rea  
index ( len g th  j i  X w idth u) f o r  shore  and c e n te r  lak e  samples o f 
fo reg u t c o n te n ts . The ta b le  a ls o  inc ludes th e  a re a  index mean 
f o r  combined d a ta  from both  lo c a tio n s .
Organic category
A re g u la r  in c re a se  in  o rganic p a r t i c le  s i z e  was observed 
w ith in c re a se  in  shrim p s iz e  in  bo th  sh o re lin e  and c e n te r  lak e  
samples (F ig , 7 ), A break-down o f th e  o rgan ic  f r a c t io n  in to  
th e  prim ary components -  S p a rtln a  fragm ents, c h i t in  and d e t r i tu s  
o f unknown o rig in  shows th a t  a l l  th re e  components in c reased  in
F igure  7. Average s iz e  index of organic
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s iz e  w ith increase in  shrimp s iz e  (F ig, 8 ) ,
Inorganic category
Average s iz e s  o f the inorganic  p a r t ic le s  in  th e  fo regu t 
were s ig n if ic a n t ly  sm aller than th e  organic p a r t ic le s .  The 
organic p a r t ic le  a re a  index was 10 to  20 tim es th e  inorganic  
p a r t ic le  a rea  index. There was s l ig h t  change in  th e  mean in ­
organic p a r t ic le  s iz e  over the  shrim p s iz e  range (F ig . 9),
In term ediate  category
A re g u la r  in crease  in  In term ediate  p a r t ic le  s iz e  occurred 
with shrim p s ize  (F ig . 10), Dimensions of the  sa n d -d e tr i tu s  
and sand aggregate components were s im ila r  In  "both sample lo ­
c a tio n s .
D. Summary
The co n sis ten t Increase in  th e  s iz e  of organic p a r t ic le s  
in  the  fo reg u t with increase  In shrimp s iz e  is  s tro n g  supporting  
evidence fo r  p a r t ic le  se le c tio n . I t  is  p o ss ib le  th a t  organic 
p a r t ic le s  may have exceeded 90^  o f th e  to ta l  volume o f th e  fo re ­
gut in  th e  85- 10** mm shrimp as th e se  p a r t ic le s  were the  la rg e s t  
p a r t ic u la te  components of the fo reg u t and averaged 71^  of th e  
t o t a l  p a r t ic le  count in  samples from both lake lo c a tio n s .
The increase  in  average a re a  index fo r  th e  sa n d -d e tr i tu s  
p a r t ic le s  beginning w ith the  65- 8** mm s iz e  c la s s  Is  considered  
evidence f o r  p redation  on polychaetes as these  p a r t ic le s  a re  











F igure  8, Average p a r t ic le  s iz e  o f primary 
p a r t ic le s  in  th e  shrimp fo reg u t.
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Figure 9. Average s iz e  index o f inorganic
p artic les in  the shrimp foregut.
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Figure 10, Average s iz e  index o f sand-detritus
p a rtic les  in  the shrimp foregut.
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This in crease  in  p a r t ic le  s iz e  corresponds c lo se ly  with th e  in ­
c rease  in  percen t content o f s e ta e  in  th e  fo regu t o f th e  la rg e r  
shrimp, notably  in  the  n ear shore  samples.
Although shrimp a re  knovn to  feed  on clams and o th er mol- 
lu sks th e re  was no d ire c t  evidence fo r  s e le c tiv e  feed ing  on 
these  forms. The average percentage o f s h e l l  fragm ents In  th e  
fo regu t o f  65-104 mm shrimp is  s im ila r  to  the  concen tra tions 
recorded in  samples of t o t a l  sedim ent, in d ic a tin g  th a t  s h e l l  
fragm ents may he randomly ingested  from the t o t a l  sediment or 
obtained in  concentra ted  amounts from such sources as fe c a l  p e l­
l e t s  o r polychaete tubes.
The ju v en ile  shrimp appear to  feed  with equal e f f e c t iv e ­
ness in  both shore and c e n te r  lake  regions on sediment d e t r i t a l  
p a r t ic le s  below 420 ji in  dimension} however, above th i s  p a r t ic le  
s iz e  the  near shore zone becomes th e  more d esirab le  h a b ita t  in  
term  of a v a i la b i l i ty  of such predatory  food items as polychaetes, 
amphipods and chironomid la rv a e  (Dr, B ennett, personal communi­
c a tio n ) , The importance o f th ese  food items to  shrim p above 
45 mm is  in d ica ted  by the in c rease  in  th e  percentage of c h it in  
fragm ents and polychaete s e ta e  in  the  fo regu t samples from th e  
shore zone (Appendix Table 2 ),
The sm a lle r  ju v en ile s , which a re  randomly encoun ter-feeders, 
d i r e c t ly  b e n e fit  from th e  g re a te r  concen tra tions of ben th ic  o r­
ganisms along th e  shore, The d is ru p ted  fragments o f polychaete 
and amphipod tubes provide an im portant source o f organic n u t r i ­
ment, These fragm ents, as w ell as f re s h ly  deposited  f e c a l  p e l le ts ,
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provide a  su rfa c e  f o r  th e  a d so rp tio n  of f i n e r  o rganic s i l t s  
and b a c te r ia . The sorbed  o rganic  m olecular la y e rs  and 
b a c te r ia  on th e  su rfa c e  o f  th e  s i l t  p a r t ic le s  p lu s th e  con­
c e n tra te d  b a c te r ia  in  th e  f e c a l  p a r t ic le s  a re  a  p o te n t ia l  high 
energy n u tr ie n t  source  (T rask, 1939? Hargrave, 1970).
IV. Sediment -  Chemical A nalysis
A. T o ta l o rgan ic  co n cen tra tio n s
The average percen t organic co n cen tra tio n s  in  th e  t o t a l  
sedim ent and s ie v e  f ra c t io n s  and th e  a n a ly s is  o f variance  o f  these  
d a ta  a re  shown in  Appendix Tables b and 5. F ig u re  11 d e p ic ts  
th e  d a ta  means, range, s tan d ard  d ev ia tio n  and s tan d ard  e r ro r  o f 
th e  means f o r  t o t a l  o rganic con ten t in  samples o f t o t a l  s e d i ­
ment and th re e  s ie v e  f ra c t io n s  by lak e  reg io n s , Although th e  
co n cen tra tio n s  o f o rgan ic  m a te r ia l in c reased  w ith p a r t i c le  s iz e ,  
th e  average p e rcen t o rgan ic  con ten t remained low, exceeding 2Q%  
co n ten t only in  th e  700 ji f r a c t io n  from th e  shore  zone. As in ­
d ic a te d  by th e  range in  s tandard  d ev ia tio n s  o f th e  means, va r­
ia t io n  in  o rganic con ten t o f th e  samples was g re a te r  along th e  
sho re  than  in  th e  lak e  c e n te r , e sp e c ia l ly  in  th e  s iev e  f r a c t io n s .
An In crease  In  t o t a l  sedim ent organic co n cen tra tio n s  was 
observed in  th e  335 W and 700 ji s ie v e  f ra c t io n s  (F igure 11), The 
o rgan ic  conten t o f  th e  700 u f r a c t io n  in  th e  shore  zone was 
s ig n i f ic a n t ly  h ig h e r th an  in  th e  lak e  c e n te r . This d if fe re n c e  can 
be a t t r ib u te d  to  th e  g re a te r  weight and h ig h er organic con ten t 



















Figure 11. Average percen t t o t a l  organic
co n cen tra tio n s in  t o t a l  sediment 
and s iev e  f ra c t io n s .
x ■» data  mean
3 ■» standard  d ev ia tio n
S - -  standard  e rro r  x
Range









C *■ c en te r- la k e  










Sediment sample -  S ize Range
polychaete and amphipod tubes which a re  concentra ted  In th e  
shore zone sedim ents. F ecal p e lle ts  in  th is  sediment con ta in  
a g re a te r  re s id u a l organic content as they  rep resen t more r e ­
cent d eposits  than  those  in  the  c e n te r  lake sedim ent,
B, P ro te in  concen tra tions
The p ro te in  estim ate , ^ P « 6 , 2 5 X ^ N ,  i s  used throughout 
th is  re p o r t . This approxim ation i s  considered v a lid  only when 
th e re  i s  l i t t l e  non-pro tein  n itrogen  involved in  th e  samples 
(Com er and Cowey, 19&0. Although th e  t o t a l  o rganic content 
o f th e  sedim ent of A irplane Lake i s  g en era lly  low, th e  concen­
tr a t io n s  a t  th e  mud-water in te r fa c e  a re  high due to  th e  content 
o f p lan t d e t r i tu s ,  fe c a l p e l le ts  and microorganisms in  th e  s u r ­
face  la y e r , These organic p a r t ic le s  con ta in  s ig n if ic a n t  amounts 
o f p ro te in  n itro g en , Ho (1971) found th a t  the amino a c id  n i t r o ­
gen conten t o f the  su rface  sediment in  A irplane Lake averaged 
3756 of th e  t o t a l  n itrogen . She observed th a t th e  p ro te in  con­
te n t  o f th e  in te s t in e  in  samples of shrimp c o lle c te d  from A ir­
plane Lake composed 37 -  of th e  t o t a l  organic concen tra tion  
suggesting  s e le c tio n  o f highly  proteinaceous food m a te ria ls . On 
th e  b a s is  o f th ese  re p o r ts  and considering  th e  o b jec tiv e s  o f th is  
study , th e  p ro te in  estim ate  was se le c te d  as a base u n it  fo r  eval­
u a tio n  of th e  ex ten t o f  food s e le c tio n  and a ss im ila tio n  In ju v en il 
shrimp. F igure 12 p resen ts  th e  range in  p ro te in  con ten t of th e  
t o t a l  sediment and s iev e  f ra c tio n s  in  th e  two sample a reas . The 
d a te  range, standard  d ev ia tio n  and standard  e rro r  o f th e  mean a re  











Figure 12. Average percen t p ro te in  concen tra tions 
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P ro te in  concen tra tions in  th e  sediment samples increased  
w ith p a r t ic le  s iz e  with p ro te in  le v e ls  s ig n if ic a n t ly  h igher in  
th e  shore zone than  in  lake c e n te r  (Appendix Table 6 ), In  th e  
an a ly sis  o f variance , th e  F value fo r  s iz e  and lo ca tio n  v a r i ­
ab les  were both s ig n if ic a n t  (Appendix Table 7 ) , Date of sample 
c o lle c tio n  was not a  s ig n if ic a n t  source of v a r ia tio n ,
A comparison o f d iffe ren c e s  among th e  means fo r  p ro te in  
con ten t o f th e  sediment and s ieve  f ra c t io n s , using  a t e s t  o f 
l e a s t  s ig n if ic a n t  d iffe ren c e s  (Appendix Table 6) , in d ic a te d  s ig ­
n if ic a n t  d iffe re n c e s  among a l l  means w ith th e  exception o f the  
comparison of th e  means fo r  th e  160 u f ra c tio n  and fo r  th e  t o t a l  
sediment, This i s  to  be expected since  th e  160 u f ra c tio n  in  
c e n te r  lake  samples composed 88%  o f  the  sediment dry weight.
The p ro te in  le v e ls  remained low in  th e  s ieve  f ra c t io n s .
The s l ig h t  in crease  observed in  th e  335 and 700 u s iev e  f ra c t io n  
was a t t r ib u te d  to  th e  concen tra tion  of f e c a l  p e l le ts  and o r­
ganic content o f polychaete and amphipod tubes. The c o n trib u tio n  
o f p ro te in  by th e  la rg e r  S p artln a  stem and ro o t fragments in  the  
700 u f r a c t io n  is  very low s in c e  these  fragm ents rep resen t fre sh ly  
deposited  d e tr i tu s  with an I n i t i a l  low organic n itrogen  conten t 
(Kirby, 1971).
The t o t a l  sediment and 160 11 s ieve  f ra c t io n  contain  th e  
main source of sediment p ro te in  in  the  form o f very f in e  S p a rtln a  
d e t r i tu s  and a sso c ia te d  b a c te r ia , A p lo t o f th e  average carbon- 
n itro g en  r a t io s  (F ig, I 3) shows th e  g re a te r  r e la t iv e  concentra­







Figure 13. Average carbon-n itrogen  ra t io s  
fo r  samples of t o t a l  sediment 
and s ie v e  f ra c tio n s .
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re g io n s .
The f i n e r  d e t r i tu s  i s  known to  c o n ta in  higher concen tra ­
tio n s  o f n itro g e n . Kirby (1971) found th a t  p a r t ic u la te  m atter 
derived  from 67 21 S p a rtin a  t i s s u e  fragm ents in c reased  from 1% 
to  over 8%  n itro g e n  con ten t a f t e r  t h i r t y  day in cu b a tio n  in  an 
enriched sea-v ra te r medium which was in o cu la te d  w ith marsh b a c te r ­
ia ,  He s t a te s  th a t  th e  8%  o r  h igher le v e l  o f n itro g e n  rep re ­
se n ts  alm ost com plete conversion to  b a c te r ia l  biomass,
V. Chemical A nalysis o f I n te s t in a l  T rac t and Computation o f  
A ssim ila tion  E ff ic ie n c ie s
A. T o ta l o rgan ic  con cen tra tio n
T ables 3 and 4  l i s t  th e  average p e rcen t t o t a l  o rgan ic  con­
c e n tra tio n s  in  th e  fo regu t and hindgut by s iz e  c la s s  and lo ca ­
t io n , The a n a ly s is  o f va riance  (See Appendix Table 8) showed 
th a t  th e  f a c to r s  o f s iz e  and lo c a tio n  were s ig n i f ic a n t  sources 
o f  v a r ia t io n  in  th e  measures o f o rgan ic  le v e ls  in  th e  in te s t in e ,
No in te ra c t io n  was observed between s iz e  and lo c a tio n . Date o f 
sample c o l le c t io n  was not a  s ig n i f ic a n t  source  o f v a r ia tio n ,
A t e s t  o f  l e a s t  s ig n i f ic a n t  d if fe re n c e s  among s i z e  c la ss  
means In d ic a te d  no s ig n if ic a n t  d if fe re n c e  in  th e  o rgan ic  content 
o f  th e  in te s t in e  in  s iz e  c la s s e s  3 and 4, A ll o th e r  d iffe re n c e s  
among means were s ig n i f ic a n t  a t  th e  0.01 p ro b a b il i ty  le v e l  (Table
3).
The average percen t o rgan ic  co n ce n tra tio n  in  th e  fo regu t o f 
shrim p in  th e  25-44 mm s iz e  range c lo s e ly  approxim ated th e  average
Table 3. Average percent t o t a l  organic conten t In 
shrimp fo regu t and midgut and average o r­
ganic a ss im ila tio n  e ff ic ie n c y  (U*) by s iz e  
c la s s .
C lass Size (mm) Foregut Midgut U*
1 25-44 13.18 10.72 0.2042
2 45-64 16.54 13.30 0,2108
3 65-84 30.66 20.08 0.4146
4 85-104 28,88 19.18 0.4143
is d  s ig n i f ic a n t  le v e l
0.01 3.02 2,44 0.0533
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Table 4, Average percen t t o t a l  organic conten t in  
shrim p fo regu t and midgut and average 
a s s im ila tio n  e ff ic ie n c y  f o r  sample 
c o lle c tio n  a re a s .
Location Poregut Midgut U'
shore 24.14 16.5^ .3490
c e n te r  lake 19.50 14.72 .2558




percen t con ten t in  th e  t o t a l  sediment and 160 jit s iev e  f ra c t io n . 
This observation  suggests th a t  th e  sm alle r shrimp cure general 
omnivores o r en co u n ter-feed ers .
A c o n s is te n t in c rease  in  percen t organic concen tra tion  
w ith shrimp s iz e  was no ted  over th e  s iz e  range from 25-84 mm.
The average organic con ten t o f th e  fo regu t o f th e  la rg e r  shrimp 
was approxim ately th re e  tim es th e  measured le v e ls  In  th e  t o t a l  
sedim ent.
The s ig n if ic a n t  in c re a se  in  th e  organic content o f th e  
fo regu t observed in  th e  45-64 mm s iz e  c la ss  was th e  d ire c t  r e ­
s u l t  o f  a  major change in  feed ing  h a b its  o f th e  shrimp. They 
became markedly more p redato ry  in  t h e i r  food h a b its  in  th e  45-65 
mm s iz e  range.
The s l ig h t  d ec lin e  in  th e  organic content o f th e  in te s t in e  
o f shrimp in  th e  85-104 mm s iz e  c la s s  may rep re sen t a  le v e ll in g  
o f f  in  o v e ra ll  feed ing  e ff ic ie n c y  in  terms o f th e  a b i l i t y  o f th e  
shrim p to  co ncen tra te  organic p a r t ic le s  in  th e  fo reg u t, A lower 
r a t e  o f food in ta k e  and egestion  would tend  to  r e ta in  food f o r  
longer periods in  th e  fo reg u t where th e  organic con ten t o f food 
m a te r ia ls  would be s ig n if ic a n t ly  reduced by th e  a c tio n  o f d ig es­
t iv e  enzymes in troduced  in to  th e  fo reg u t from th e  d ig e s tiv e  gland 
(D a li, 1965, 1968* F o rs te r  and Gabbott, 1971).
B. Organic A ssim ila tion  E ffic iency
Tables 3 and 4  l i s t  th e  average values f o r  organic a ss im ila ­
t io n  e f f ic ie n c ie s  by s iz e  c la s s  and sample lo c a tio n . In  th e  
a n a ly s is  o f v a rian ce , th e  F values f o r  th e  s lz o  and lo c a tio n  v a r l -
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ab les  were s ig n if ic a n t  (Appendix Table 8), A t e s t  o f le a s t  s ig n i f ­
ica n t d iffe ren c e s  comparing th e  d iffe re n c e s  In a s s im ila tio n  ra te s  
among s iz e  c la sse s  showed no s ig n if ic a n t  d iffe ren c e  between th e  
a ss im ila tio n  ra te s  o f s iz e  c la sse s  1 and 2 o r 3 and 4 (Table 3).
On th e  b a s is  of organic a ss im ila tio n  e ff ic ie n c y  th e  shrimp 
could be d iv ided  in to  two broad s iz e  c la sses i 25-64 mm and 65-104 
mm, A ssim ilation  ra te s  in  the  la rg e r  shrimp were approxim ately 
double th e  r a te s  in  th e  sm aller shrimp, The change in  U' co r­
responds roughly with th e  s h i f t  to  a  predatory  food h a b it,
C, Foregut and Midgut -  P ro te in  Concentration
Tables 5 and 6 l i s t  th e  average values f o r  p ro te in  content 
o f th e  fo reg u t and mldgut fcy s iz e  c la s s  and sample lo c a tio n .
P ro te in  con ten t increased  with shrimp s iz e . Concentration of 
p ro te in  in  samples from th e  shore c o lle c tio n s  were g re a te r  than 
samples from th e  lake c en te r.
In th e  a n a ly s is  o f variance , both s iz e  and lo ca tio n  were 
s ig n if ic a n t  sources o f v a r ia tio n  (Appendix Table 9), Date of 
sample c o lle c t io n  was no t s ig n if ic a n t  and no in te ra c t io n  was ob­
served  between th e  th re e  v a ria b le s ,
A p lo t o f th e  average carbon-n itrogen  r a t io s  in  th e  foregut 
by s iz e  c la s s  (Fig, 14) shows th a t  th e  fo regu t of th e  f i r s t  two 
s iz e  c la sse s  contained p ro p o rtio n a lly  more n itrogen  than  th e  fo re -  
gut of the  la r g e r  shrimp. The sm a lle r  shrimp ingest a  g re a te r  
p roportion  o f th e  f in e r  p a r t ic le s  (160 u o r le s s  in  d iam eter) 
which comprise a major p o rtion  of th e  t o ta l  sediment con ten t (Table 
1 ) , Although th e  160 u p a r t ic le s  contained  le s s  p ro te in  than th e
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Table 5. Average percent protein content in shrimp 
foregut and midgut and average protein 
as3irailation efficiency by size class.
Class Size (mm) Foregut Midgut U*
1 25-44 4.84 2.86 0.2549
2 45-64 5.91 3.81 0.1997
3 65-84 8.59 5.27 0.0592
4 85-104 8.43 5.00 0.1201
lsd significance levels
0,05 1.25 0,88 0,0831
0,01 1,68 1,18 0.1100
Table 6. Average percen t p ro te in  conten t 
o f shrimp fo regu t and midgut and 
average p ro te in  a s s im ila tio n  
e ff ic ie n c y  by sample lo c a tio n .
Location Foregut Midgut U»p
shore 7.70 4 .50  .1783
c e n te r  lake  5.83  3.86 . 130^
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Figure  14-. Average carbon-n itrogen  r a t io s  
fo r  samples o f  shrimp fo regu t 
co n te n t,
l i M  Center 
Shore
%
2 5 - 4 4 45  -  64 6 5 - 8 4 85 -  104
Shrimp s iz e  c la s s  -  T o ta l len g th  in  mm
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la rg e r  f ra c tio n s  (Appendix Table 6 ), during a  measured feeding  
in te rv a l  th e  sm all shrimp a re  in g es tin g  a  p ro p o rtio n a lly  g re a t­
e r  amount o f p ro te in  than th e  la rg e r  shrimp which a re  s e le c tiv e ly  
feed ing  on th e  la rg e r  p a r t ic u la te  f ra c t io n s  (Appendix Table 3).
Concentration o f p ro te in  r ich  d e tr itu s  and b acteria  may 
occur in  th e shrimp fo reg u t. The grinding a c tio n  o f the g a s tr ic  
m ill  would tend  to  s tr ip  th e  organic components attached to  the  
su rface  o f sand grains. The f in e  p a r t ic le s  would be concen­
tra te d  in th e s e to s e  v en tra l fo ld s  o f  the m ill lead in g  to  the  
f i l t e r  press where f in a l  p a r t ic le  s e le c t io n  occurs upon en­
trance in to  th e  d ig e s t iv e  gland.
D. P ro te in  A ssim ila tion  E ffic iency
Average percent p ro te in  a ss im ila tio n  e f f ic ie n c y  by s iz e  
c la s s  and lo c a t io n  are presented in  Tables 5 and 6 , In the 
a n a ly s is  o f variance, s i z e  was the on ly  s ig n if ic a n t  variable  
(Appendix Table 9 ) . A t e s t  o f  le a s t  s ig n if ic a n t  d ifferen ce  
among the four s i z e  c la s s e s  showed no s ig n if ic a n t  d ifferen ce  
in  th e  a ss im ila tio n  ra tes between s i z e  c la s se s  1 and 2 or 3 and 
4.
The p ro te in  a ss im ila tio n  e f f ic ie n c y  was very low with max­
imum a ss im ila tio n  occurring in  25-44 mm shrimp and dropping be­
low 10% in  th e 65-84 mm s iz e  c la s s . In d irect contrast to  the  
observed organic a ss im ila tio n  ra tes , p rotein  a ss im ila tio n  in  the  
sm aller  shrimp was more than double th e  ra te  in  the la rg er  shrimp,
VI. Feeding In te n s ity
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A number o f laboratory feed ing  t r ia l s  were conducted with 
various s iz e s  o f  ju v en iles  and fr e sh ly  c o lle c te d  surface s e d i ­
ment from shore and cen ter  lake lo c a tio n s  of Airplane Lake. The 
range and average f e c a l  r e le a se  ra tes  fo r  f iv e  shrimp s iz e s  are 
l i s t e d  in  Table 9. Feeding in te n s ity ,  as in d ica ted  by ra te  o f  
fe c a l r e le a se , was greater  in  the young shrimp and declined  
with age,
Feeding ra te  was apparently in v erse ly  corre la ted  with the  
organic content o f the food. The fe c a l  re lea se  ra te  in the t r ia l  
feed ings o f cen ter  lake sedim ents exceeded the observed ra tes  fo r  
th e near shore area over th e shrimp s iz e  range.
VII. Percent o f Foregut Volume Occupied by Food M aterial
During the period o f  th is  in v estig a tio n  over j600  foregut 
samples were c o lle c te d . As each foregut was removed, a v isu a l  
estim ation  was made o f percent volume o f  the foregut occupied by 
food p a r t ic le s , A p lo t o f  th e  percentage means by shrimp s iz e  
c la s s  and lak e area i s  presented in  Figure 15. In the shore 
zone, over 5°/  ̂ o f  the foregut o f  th e sm aller shrimp was f u l l  
w hile in  th e cen ter  lake samples the food mass occupied le s s  
than 20% o f  th e  foregut volume. On the b asis  o f  th e  food content 
o f  the fo reg u t, th e  d iffe re n ce s  between the two sample areas tend­
ed to  le v e l  out in  the la rg er  s iz e  c la s s e s ,
Figure  15, Average v isu a l estim ates o f food
m a te ria l in  shrimp fo reg u t expressed 
as percen t o f t o t a l  fo regu t volume.
M S I  Center 
H I  Shore
mm mm mm mm
Shrimp size class - Total length in mm
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DISCUSSION AND CONCLUSIONS
I, Major Food Items o f  the Sediment U t iliz e d  by Juven iles
A. Microbenthos
Fine p a r t ic le s ,  both organic and inorganic provide a s ig n if ic a n t  
food base fo r  young penaeid shrimp in  Airplane Lake. These p a r tic le s  
are coated with b acter ia  whose Importance as a food source cannot be 
overemphasized (Hood and Colmer, 1971). Kirby (1971) observed that 
Spartina d e tr itu s  below 110 u in  diameter i s  rap id ly  converted to  a 
b a c te r ia l biomass contain ing high le v e ls  o f  p rotein , This protein  i s  
r ea d ily  usable as an energy source by shrimp (F orster and Gabbott,
1971; Condrey e t  a l , , 1972).
B. F ecal p e l le t s
Fecal p e l le t s  are an important food item fo r  ju v en ile s  in  both 
the n o n -se le c tiv e  and s e le c t iv e  feed ing s iz e  ranges. As previously  
noted, f e c a l p e l le t s  are very abundant in  the surface sediments (ap­
proxim ately 3?^ by w eight). The concentrations o f  in ta c t and disrupted  
fragments o f  p e l le t s  in  th e foregut in d ica tes  the degree o f u t i l iz a t io n  
o f  p e l le t s  as food m ateria ls , The extent o f  a ss im ila tio n  o f  a v a ila b le  
organic n u tr ien ts  contained in  the p e l le t s  was not determined in th is  
study but an evaluation  o f  th e ir  u t i l iz a t io n  may be obtained from the  
r e s u lts  o f  other in v e st ig a tio n s .
Johannes and Satomi (1966) fed the diatom, N itzsch la  c losterlu m . 
to  grass shrimp Falaemonetes puglo. c o lle c te d  th e  feces  and fed them 
to  the shrimp, The feces  were r ich  in  assim iab le  p rotein . On r e in -
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g estlo n  th ere  was a red u ction  o f  h0% In p ro te in  content and a $0% r e ­
d uction  o f  carbon le v e l  as th e  fe c e s  passed through the d ig e s t iv e  tr a c t .
Feces as they are d ep osited  may be low i n i t i a l l y  in  p ro te in  con­
te n t  but are soon enriched by th e growth o f  nonphotosynthetic micro­
organisms which obtain  n itrogen  from th e water and energy from the or­
ganic components In th e  fe c e s  (Hargrave, 1970). Newell (1965) ob­
served that th e prosobranch, Hydrobla u lv a e , s e le c t iv e ly  d ig ested  the  
n itro g e n -r ich  b a c ter ia  a ttach ed  to  f e c e s ,  a s s im ila t in g  96% o f  the  
nitrogen  content o f aged fe c e s ,
Frankenberg and Smith (196?) found th at a number o f  estu arin e  
organisms e x h ib it  s ig n if ic a n t  coprophagy, in c lu d in g  Palaemonetes 
puglo, Pagurus longicarpus and Fenaeus s e t i f e r u s . They suggested  
that th ese  organisms may acqu ire a su b s ta n t ia l fr a c tio n  o f t h e ir  
m etabolic energy from fe c a l  p e l le t s .  They noted a d ir e c t  c o rr e la tio n  
between th e ra te s  o f  f e c a l  p e l le t  in g e st io n  and the carbon and n itr o ­
gen content o f  th e  p e l le t s  and suggested  th a t s e le c t io n  may be made on 
th e b a s is  o f  r e la t iv e  n u tr ien t con ten t,
C. Macrobenthos
Brown shrimp above 65 mm are a c t iv e  predators and feed  in te n s iv e ly  
on polychaetes and amphipods, nematodes, and chironomid larvae  concen­
tra ted  in  th e  f lo c u le n t  d e t r i t a l  mat along th e shore l in e  o f  the la k e .
This con clu sion  was based on th e observed con cen tration s o f  s e ta e , jaws 
and I d e n t if ia b le  ch itin o u s  fragments o f  o th er forms In th e  foregut (Ap­
pendix Table 2 ) ,  As an omnivore, th e  shrimp apparently a ls o  obtain  
s ig n if ic a n t  n u tr it iv e  energy from th e organic components o f polychaete
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tu b e s ,
I I ,  Evaluation o f  Technique
A. N utrient con cen tration s
The a ss im ila t io n  e f f ic ie n c ie s  recorded fo r  ju v e n ile s  in  t h is  study  
are, in  general, much low er than percentages reported in  other in v e s t i ­
ga tion s (Table ? ) , Most o f  th e se  in v e s t ig a tio n s  were conducted under 
c o n tro lle d  laboratory  co n d itio n s u t i l i z in g  d efin ed  d ie t s  with high or­
ganic con ten t, The r e s u lt s  o f th e  present study are not s t r i c t l y  compar­
ab le  s in c e  th e shrimp were feed in g  under f i e l d  co n d itio n s with lower 
a v a ila b le  food co n cen tra tio n s,
Condrey (1971) reported  th a t both t o t a l  organic and p rotein  a s ­
s im ila t io n  e f f i c i e n c ie s  c lo s e ly  approached or  exceeded 90# In t r i a l  
feed in gs o f ju v e n ile  P. s e t l f e r u s  (60 mm) fed  p e l le t iz e d  d e tr itu s  
composed o f  th e diatom s (gy lin d roth eca  fu s ifo r m is ). T o ta l organic 
com position and p ro te in  content o f  th is  d e tr itu s  were 85% and 48#, 
r e s p e c t iv e ly , In c o n tr a s t , in  my study, ju v en ile  P, aztecu s (65-84  
mm) a ss im ila ted  on ly  33-48# o f  th e  t o ta l  organic n u tr ie n ts  and 6% o f  
the p ro te in  in g ested  from a n a tu ra l estu a rin e  sediment con ta in in g  12#  
t o t a l  organic m atter and 2% p r o te in  content.
Nose (1964) a ls o  found a d ir e c t  r e la t io n sh ip  between p rotein  a s ­
s im ila t io n  and p ro te in  content o f  th e  d ie t  o f  P. jap on lcu s. He ob­
served maximum p ro te in  a s s im ila t io n  e f f ic ie n c ie s  o f  6 2 . 5#  and 30#  on 
r e sp e c tiv e  d ie ts  o f  diatoms and th e  green a lg a e , U lva. Condrey e t  a l ,  
(1972) a ttr ib u ted  th e  low er a s s im ila t io n  e f f i c ie n c ie s  observed by Nose 
to  be a fu n ction  o f th e  lower n itrogen  a n a ly s is  o f  th e  food  and not
Table 7. Measures of percent food assimilation in various invertebrate organisms.
Organisms Food
%
A ssim ilation References
1. Sarcodlna
Acanthoamoeba Saccharomyces 58 Heal, 1967
2. Anthozoa
A ctin ia  equina Mussel meat 60 Tsikhon-Lukanina e t  a l . , 1968
3. O ligochaeta
Tubifex tu b ife x d e tr i tu s 50 Tslkhon-Lukanina e t a l . , 1968
4. Polychaeta
C lrrifoxm is te n ta c u la ta sediment George, 1964
5. Felecypoda
H yripsis s h le g e l l i d e tr i tu s 33 Satoru , 1964
B ittium  varium d e tr i tu s 49 Adams and Angelovia, 1970
6. Gastropoda
Lymnaea s ta g n a lis u n ic e llu la r  algae 75 Tsikhon-Lukanina e t  a l . , 1968
Aplysia punctata algae and protozoa 45-75 Carefoot, 1967
L itto r in a  i r r o ra ta sp a r tin a  and algae 45 Odum and Smalley, 1959
P o rtlan d ia  a r t i c a d e tr i tu s 50 Bubnova, 1971
Tegula fu n eb ra lis . a lgae and diatoms 70 Paine, 1971
7. Crustacea
Anostraca
Artemia s a l in a yeast 37-78 Sushchenya, 1970
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Tsikhon-Lukanina e t  a l . , 1968 
Wright, 1965
Copepoda




Diaptomus s c lc l lo ld e s
paramecium 
E xuviella 








Tsikhon-Lukanina e t  a l , , 1968 
Conover, 1966a 
Conover, 1966a 




Mysis r e l l c t a




C lu tte r  and T heilacker, 1971 
Lasenby and Langford, 1973
Amphipoda
Pontagamaarus maeotlcus 
O rehostla b o ttae  
Pontogaramarus maeotlcus







F o rs te r  and Gabbott, 1971 
Sushchenya, 1970 
Sushchenya, 1970
Table 7. continued, page 3
Organisms Food
%
A ssim ilation References
Hyaella aze tca sediment 15 Hargrave, 1971
laopoda
A sellus aquaticus decaying a ld e r  
leaves 26-44 Prus, 1971
Idothea b a lt ic a Enteromorpha,
Cladophora 51-64 Carefoot, 1973
I .  b a lt ic a I ,  b a l t ic a  (dead) 92 F o rs te r  and Gabbott, 1971
L ig ia  p a l l a s i i Ulva 78 Carefoot, 1973
L. p a l l a s i i Kelp 55-76 Carefoot, 1973
C y lis ticu s  convezus le ttu c e 73 R eichle, 196?
Arroadillidium vulgare le ttu c e 70 R eichle, 1967
A. vulgare dead t h i s t l e  leaves 59-84 Hubbell, Sikova and P a r is ,
( f ie ld ) 1965
A. vulgare dead t h i s t l e  leaves 19-27 Hubbell, Sikova and P a r is ,
( f ie ld ) 1965
Euphausiacea 
Euphausia p a c lf ic a D una lie lla 81-97 Lasker, i 960
E. p a c if ic a Artemia n a u p lii 84 Lasker, 1966
Decapoda
Penaeus aztecus diatoms 87 Condrey, 1971
P. s e t i f e ru s Trout Chow 80 Condrey, 1971
P. .japonicus f i s h  meal 89 Nose, 1964
Table 7. continued, page 4
Organisms Food
%
A ssim ilation References
Pandalus p lay teceras wheat s ta rc h 72 F o rs te r  and Gabbott, 1971
Palaemon se rra tu s wheat s ta rc h 91 F o rs te r  and Gabbott, 1971
P. se rra tu s c e llu lo se 50 F o rs te r  and Gabbott, 1971
P acifastacus len icuscu lus p o u ltry  meat 44-64 M oshiri and Goldman, 1969
F. len icuscu lus aquatic  vascu lar
p lan ts 44-52 M oshiri and Goldman, 1969
Menlppa m ercem aria f i s h 98 Tsikhon-Lukanina e t  a l , , 1968
Rithropanopeus h a r r i s s i I .  b a lt ic a 85 Tsikhon-Lukanina e t  a l . , 1968
Diplopoda
Narceus americanus decaying wood 15 Carefoot, 1973
In sec t a
Pteronorcys s c o t t i d e tr i tu s 10 M cDiffett, 1970
B la te l la  germanica wheat germ and sugar 84 Weekland, H all and Calder, 1968
Acheta domesticus c ric k e t and worm meal 63 M cD iffett, 1970
Phllaneus spumatus tomato xylem cap 60-75 W igert, 1§64
Orehelimum f i d i c i Spartlna 36 Odum and Smalley, 1959




to  an in a b il i ty  o f  shrimp to  d ig est p rotein s,
P resen t ev id en ce  in d ic a te s  th a t a s s im ila t io n  e f f ic ie n c y  i s  d ir e c t ­
l y  r e la te d  to  th e  co n cen tra tio n s o f  food  components in  th e in g ested  
food , Condrey (1971) observed th a t organ ic a s s im ila t io n  in  ju v e n ile  
penaeids was low er on t r i a l  feed in g s  o f  a n a tu ra l a lg a l  mat than 
on compounded d ie t s ,
He fed  ju v e n ile  w hite shrimp (22-44. mm) an a lg a l  mat removed 
from th e s ta lk s  o f  Spartina  c o l le c t e d  from th e  marsh surrounding A ir­
p lan e Lake and rep orted  a  range in  organ ic a s s im ila t io n  o f  52-81^ with 
a mean o f 68%, Based on a fo reg u t-h in d g u t a n a ly s is ,  brown shrimp o f  a 
s im ila r  s i z e  range a s s im ila te d  2J% o f  th e  in g ested  organic sedim ent 
components in  th e  shore zone and l$%  in  the c e n te r  o f  A irplane Lake,
The organ ic con ten t o f  th e  sedim ent in g ested  by  th e  brown shrimp 
was 10- 15??, w h ile  th e  a lg a l  mat fed  th e  ju v e n ile  w hites conta ined  
40-60^  t o t a l  organ ic co n ten t. Presumably, th e  organ ic con cen tra tion  
in  th e  foregu t o f  th e  w hite shrimp cou ld  have exceeded 60% based on 
Condrey's d e sc r ip t io n  o f s i l t  removal during th e  m anipulation o f  th e  
a lg a l - d e t r i t a l  mat by th e  appendages,
B, E ffe c t  o f  food  ash con ten t on a s s im ila t io n
Condrey e t  a l ,  (1972) p o stu la ted  th a t th e low  a s s im ila t io n  e f ­
f ic ie n c ie s  observed  on t r i a l  fe ed in g s  o f  a n a tu ra l a lg a l  mat to  ju ve­
n i l e  w hite shrim p were due to  e ith e r  th e  d ig e s t iv e  r e s i s t i v i t y  o f  th e  
mat or to  th e  h igh  ash con ten t o f th e  mat components, Conover (1966b) 
observed a d ir e c t  c o r r e la t io n  between th e  percentage o f  ash in  the  
food  and th e measured percent organic a s s im ila t io n  by Calanus 
hyperboreus fe d  a d ie t  o f  s e le c te d  diatom s. Conover concluded th a t in
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c e r ta in  natura l food m ateria l such as diatoms th e high ash content in  
th e c e l l  w all may provide p ro tec tio n  a g a in st m astica tion  w hile the ash  
m ateria l may compete with th e organic m atter fo r  enzymes through some 
ab sorp tive  mechanisms.
The r a t io  method fo r  c a lc u la t in g  organic a s s im ila t io n  (Conover, 
1966a) assumes that th ere  i s  no change in  th e ash content o f  the food  
as i t  passed  through th e d ig e s t iv e  t r a c t .  I f  th ere  i s  a s ig n if ic a n t  
uptake o f  th e  in organ ic fr a c t io n , a s s im ila t io n  could  be s e r io u s ly  under­
estim ated ,
F o r ster  and Gabbott (1971) reported  a ss im ila t io n  o f th e  inorganic  
fr a c t io n  from compounded d ie t s  fed  to  th e caridean prawns Palaemon 
serra tu s and Fandalus p la y te c e r o s . Using chromic oxide as an inert; 
tr a c e r , thej*’ were unable t o  account fo r  29 -^ 0% o f  the ash in  the d ie ts  
and were uncerta in  whether th e  m ateria l was l o s t  in  s o lu t io n  or d ir e c t ­
ly  a ss im ila ted ,
Lasenby and Lankford (1973) used both a gravim etric determ ination  
and th e ash r a t io  method to  eva lu ate  organic a s s im ila t io n  in  Mysis 
r e le c ta  fed  a d ie t  o f  Daphnia pulex. They ca lc u la te d  a U' o f  85% by 
th e d ir e c t  method and a U* o f  52/6 by th e in d ir ec t  r a t io .  The d iffer e n c e  
o f  33^ between th e two va lu es was considered  to  be th e r e s u lt  o f  Inor­
ganic a s s im ila t io n ,
Condrey e t  a l , , (1972) notes th a t  a fa i lu r e  to  correct fo r  the  
a s s im ila t io n  o f  ash v a r ie s  in v e rse ly  w ith th e ash content o f  th e  food  
and d ir e c t ly  with th e organic con ten t. Using th e  h0?£ maximum value f o r  
ash a ss im ila t io n  reported  by F o rster  and Gabbott (1971) fo r  prawns, they  
ca lcu la te d  th at th e error in  U* was l e s s  than 10^ in  experim ental fe e d -
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lugs o f  brown and white ju v en ile s  where U* exceeded 80#.
They gave th e fo llow in g  equation to  correct th e apparent U' 
(based on the r a t io  method) fo r  ash a ss im ila tio n ,
Wherei
U' = percent a ss im ila tio n  e f f ic ie n c y  o f  t o ta l  organic weight based 
on the r a t io  method o f Conover (1966a ),
IT*
x = percent a ss im ila tio n  e f f ic ie n c y  o f  an organic moiety based 
on the r a t io  method (Condrey e t a l , ,  1972).
A
~  = Fraction o f  ash a ssim ila ted  
f
E' = r a t io  o f organic weight to  dry weight o f midgut contents
F' = r a t io  o f organic weight to  dry weight o f  foregut contents
r^ = r a t io  o f an organic moiety to  t o t a l  organic weight egested
r , = r a t io  of an organic moiety to  t o t a l  organic weight o f in gested
food.
These equations and th e  estim ated 40# maximum ash a s s im ila tio n , 
rep o rted  by F o rs te r  and Gabbott (1971)* were used to  estim ate  th e  e f ­
fe c t  o f  ash a s s im ila tio n  in  t h i s  study, Table 8 compares th e  r e s u l ts  
w ith observed a s s im ila tio n  e f f ic ie n c ie s  c a lcu la te d  from Conover*s equa­
t io n .
The computed values fo r  ash a ss im ila tio n  show th at a s ig n if ic a n t  
ash uptake would lead  to  a major error in  ca lcu la tio n  o f  a ss im ila tio n , 
Depending on the magnitude o f  ash a ss im ila tio n , the tru e a ss im ila tio n
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Tati® 8 , E ffe c t o f in o rg an ic  a s s im ila tio n  on measurement of U* and 
U 'p assuming a  40# ash  up take .
Assuming no ash  a s s im ila tio n  Assuming 40# ash a s s im ila tio n  
Sisse (mm) U» U'p U* U'p
25-44 20 25 50 44
45-64 21 20 52 40
65-84 41 6 64 20
85-104  41 12 65 26
Wherei U' » P ercen t a s s im ila tio n  e f f ic ie n c y  o f t o t a l  organic w eight, 
U 'p * P ercen t a s s im ila tio n  e f f ic ie n c y  of p ro te in .
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e f f ic ie n c y  may be as much as double the values reported in  t h is  study, 
and d iffe re n c es  among s iz e  c la s s e s  may be reduced. However, th e  major 
con clu sion s concerning changes in  feed in g  h ab its and s h i f t s  in  a ss im i­
la t io n  e f f ic ie n c y  with s iz e ,  are unchanged,
G, Loss o f  d isso lv ed  organics in  r ln s*  so lu tio n s
During p rocessin g , the contents o f  the d ig e s t iv e  tr a c t  were r e ­
moved from the p a r t ia l ly  thawed shrimp and placed Into a r in se  s o lu ­
t io n  composed o f sodium ch lo r id e  and calcium ch lo r id e , The samples 
were s to red  b r ie f ly  a t 4°C p r io r  to  f i l t r a t io n  onto g la s s  f ib e r  f i l t e r  
pods, A ser io u s  lo s s  o f  d isso lv e d  organic s a l t s  could have occurred  
during t h is  procedure. The lo s s  would have been g re a te st  in  the fo r e ­
gut samples s in ce  th e food m ateria ls  were In a f lo c c u le n t  s ta t e  due 
to  d isru p tiv e  a c tio n  o f  the g a s tr ic  m ill .
The p o ss ib le  lo s s  o f organics through so lu t io n  was not te s te d  
during th e period o f  th e  in v e s t ig a t io n  and no d e f in i t iv e  statem ent can 
be made concerning the s ig n if ic a n c e  o f t h is  source o f  error. The g la ss
f ib e r  f i l t e r s  used in  th e study had a s ta te d  r e te n tio n  occurence o f*
99-.7^ fo r  p a r t ic le s  which are a minimum o f  0 .2  micron In diam eter,
A major source o f  error may have been a fa ilu r e  to  remove e n t ir e ly  
a l l  o f th e t is s u e  composing th e w all o f  th e  midgut. Separation o f  the  
f e c a l  m ateria l from th e  midgut l in in g  was a d i f f i c u l t  procedure in  
shrimp below 65 rara in  len g th . Such an error would have resu lted  In 
an erroneously high reading fo r  th e f e c a l  organic content and under­
estim ation  o f  percent a s s im ila t io n ,
D, Length o f  Time Food M aterial i s  Held in  the Foregut
Observation made during laboratory feed in g  t r i a l s  show th at th e
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la r g e r  ju v e n ile s , 65-104 mm, may r e ta in  food m ateria ls  in  the foregut  
fo r  con sid erab le  periods between periods o f  a c t iv e  feed in g . A fter  
th e se  extended periods a sample o f foregu t content could be d ep leted  
in  content by d ig e s t io n , re ta in in g  only undigested res id u es such as 
c h it in  fragm ents, Spartlna s tr u c tu r a l elem ents and polychaete se ta e .
The organic content o f  th ese  m ateria ls  would represent only a fr a c -  
t io n  o f  the o r ig in a l Ingested  organic m atter, and again a ss im ila t io n  
e f f ic ie n c ie s  would have been underestim ated,
I I I ,  Food Volume in  the Foregut
The empty foregu ts observed in  th e  sm aller ju v e n ile s  in  the cen­
t e r  lake c o l le c t io n s  does not in d ic a te  a lack  o f feed in g  a c t iv i t y  but 
rath er  r e f le c t s  the rapid passage o f  th e  in gested  food through th e d i ­
g e s t iv e  tr a c t ,  The grea ter  concen tration  o f  food m ateria l In th e fo r e ­
gut o f  th e  shrimp feed ing  in  the shore zone is  apparently th e combined 
e f f e c t  o f  th e  o v e r a ll  r ich n ess o f  th e  organic p a r t ic le s  in  the s e d i­
ment and th e tim e required to  process th e  food in th e d ig e s t iv e  
system ,
As the la r g e r  shrimp become predatory they take in  p rop ortion a lly  
more concentrated organic food m ater ia ls  and thus have a lower f e c a l  
r e le a s e  r a te , The r e la t io n sh ip  o f  th e  f e c a l  r e le a se  ra te s  and percent 
foregu t food content o f  th e  85-10^ mm shrimp in the two lake regions is  
considered  a r e f le c t io n  o f  th e ir  predatory food h ab its and t h e ir  a b i l i t y  
to  feed  with optimum e f fe c t iv e n e s s  in  a l l  regions o f  th e  lak e .
The d iffe r e n c e s  In feed in g  ra te s  among th e various s iz e s  o f  brown 
shrimp in  A irplane Lake are comparable to  r e s u lts  o f  ob servation s on the
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feed in g  a c t iv it y  o f  Pandalina b r ev iro str is  noted by Alien (1965) . Prom 
foregut analyses, A llen  found that o f  the mature shrimp were with­
out food while only 25% o f  the immatures were without food,
IV, Rates o f Nutrient A ssim ilation
Deshimaru and Shigeno (1972) found a s im ila r  d ire c t  r e la tio n sh ip  
between the ra te  o f food intake and s iz e  in  P. .japonicus, They noted 
a high ra te  o f food intake in  sm all shrimp, The ra te  o f in take declined  
with growth, The authors point out that a high rate o f food intake  
does not n e c e ssa r ily  bring about rapid growth s in c e  growth i s  re la ted  
to  th e value o f  th e  food s e le c te d  and the a b i l i t y  o f the shrimp to  
a ss im ila te  i t ,
Condrey (1971) concluded that the ra te  o f  in g estio n  o f organic 
matter i s  a d ir ec t  fa c to r  co n tr o llin g  o v era ll organic a ss im ila tio n .
He derived s p e c if ic  equations fo r  ca lcu la tin g  th e rates o f  in g estio n , 
a ss im ila tio n  and eg estio n  o f t o ta l  organic weight and s p e c if ic  or­
ganic m oieties such as p rotein . The equations fo r  computation o f  
a ss im ila tio n  ra tes  are as fo llow s:
T ota l Organic Weight Organic Moiety
E(E')
Ix = E(S*) (r j)  
Nx -  E(E*) (ra )
I =
t - ( u ' / io o )
H = E(E')
A = I  -  N
Where:
A » net organic weight a ssim ila ted
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=> net amount o f an organic moiety a ssim ila ted  
E = dry weight o f feces
E* = r a t io  o f  organic weight to  dry weight o f midgut contents
I  = organic weight ingested
I x = quantity  o f  an organic m oiety in gested
N = organic weight egested
= quantity  o f an organic moiety egested
r , = r a t io  o f  an organic moiety to  t o t a l  organic weight o f  in gested  
food.
r^ = r a t io  o f an organic m oiety to  t o t a l  organic weight egested .
With the fe c a l  r e le a se  ra tes  presented in  Table 9 and the mean 
values fo r  percent t o ta l  organic p rotein  content o f the in te s t in e ,  
estim ates o f a ss im ila t io n  ra tes (Ug/hr per gram organic weight) were 
computed by s iz e  c la s s  and lake area (Table 10),
The ta b le  values demonstrate the ex isten ce  o f  a d ir ec t  r e la t io n ­
sh ip  between organic a ss im ila tio n  e f f ic ie n c y  and the amount o f or- 
ganics a ss im ila ted . Organic a ss im ila tio n  ra tes in  th e ju ven iles  
above 65 mm were approximately double the rates in  the sm aller shrimp, 
D irect s e le c t io n  o f food m ateria ls with a higher organic content and 
d ig e s t ib i l i t y  (U1) i s  considered the p r in c ip le  fa c to r  e f fe c t in g  th e in ­
crease s in ce  th e ra te  o f in g estio n  remained e s s e n t ia l ly  constant over 
the s iz e  range,
The ra te  o f  protein  a ss im ila tio n  was maximum in  th e sm aller  
ju v en ile s  (25~ ^  mm) due to  the combined e f fe c t  o f  h igher in gestion  
ra te  and greater protein  d ig e s t iv e  e f f ic ie n c y . The r e la t iv e  constancy  
o f th e protein  a ss im ila tio n  ra te  su ggests that the proteinaceous enzymes
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Table 9. Fecal release rates of juvenile P. aztecus
following trial feedings of shore and center 






30 16^ Shore 4 .8 2 . 3- 6 .5
Center 12 .4 8 . 8- 9 .2
k6 250 Shore 3 .0 2 . 6- 3.4
Center 6.6 6 , 2- 7 .2
50 270 Shore 5 .3 4 . 8- 5 .6Center 8 ,2 7 .4 -9 .2
6? 300 Shore 1 .6 1 .4 -1 .9
Center 2 .4 2 . 2- 2 .7
74 488 Shore 2 .5 1 . 8- 2 .9
Center 2 .0 1 .5 -2 .3
Table 10, B ates o f  in g e s tio n , a s s im ila t io n , and 
e g es tlo n  o f t o t a l  o rgan ic  w eights and 
p ro te in  (Ug/hr) by shrim p s iz e  c la s s  
and lak e  a re a .
S ize Area
In g ested  
0 P




24-44 S 700 260 160 120 540 140
c 1400 480 210 150 1119 330
45-64 s 600 220 150 100 450 120
c 840 280 130 80 710 200
65-84 s 610 170 290 90 320 80
c 730 200 250 80 480 120
85-104 s 700 200 300 100 400 100
c 710 200 270 90 440 110
S -  Shore P -  P ro te in
C -  C enter 0 -  Organlcs
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o f  the d ig e s t iv e  system  operate a t maximum e f f ic ie n c y  in  a l l  s iz e s  
o f  ju v e n ile  “brown shx'imp, The observed v a r ia tio n  in  the uptake o f  
p rote in  i s  a f fe c te d  “by the l e v e l s  o f  p rotein  in  th e food and i t s  d i ­
g e s t i b i l i t y .
V, Food Assimilation and Energy Budgets
A. Food uptake and d ig e s t io n
The r e s u lt s  o f  t h i s  in v e s t ig a t io n  tend to  support the statem ents  
o f  D ali (1968} and I d y l l ,  Tabb and Y okell ( 196?) th a t penaeids are 
o p p o rtu n istic  omnivores. They ob ta in  th e ir  m etabolic energy from a 
r ich  trop h ic  base c o n s is t in g  o f  an organic mass o f  b a c te r ia , a lg a e ,  
Spartina d e tr itu s , protozoa, copepods, amphipods, p o ly ch a etes, nematodes 
and organic s a l t s  adsorbed onto th e  estu a r in e  p a r t ic le s .
In Airplane Lake, th e younger ju v en ile  brown shrimp are true  
omnivores, As they mature, they become more s e le c t iv e  omnivores 
u t i l i z in g  th e r ich er  organic d e t r i t a l  p a r t ic le s  in  the su rfa ce  s e d i­
ments. Brown shrimp above approxim ately 50 mm combine d e t r i ta l  feed in g  
with a c t iv e  predation . This change In feed in g  habit i s  c le a r ly  marked 
by the Increase in  organic a s s im ila t io n  e f f ic ie n c y .
As omnivores, th e  younger ju v e n ile  penaeids have a f u l l  com­
plement o f  d ig e s t iv e  enzymes which enable them to  u t i l i s e  a broad 
spectrum o f  n u tr ien t sources In th e  estuary; however, lab oratory  in ­
v e s t ig a t io n s  show con sid erab le  v a r ia tio n  In apparent enzyme a c t iv i t y  
w ithin  th e  d ig e s t iv e  system . P ro te in s and l ip id s  are d ig ested  with 
g rea ter  e f f ic ie n c y  than carbohydrates (Condrey e t a l , , 1972; Deshimaru 
and Shigeno, 1972).
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V aria tio n  In  d ig e s tiv e  e f f ic ie n c y  may, in  a sen se , r e s t r i c t  th e  
a c tu a l  food supply  o f  th e  shrim p. H artley  (19^7) suggested  th a t  th e  
o rg a n isa tio n  o f th e  d ig e s tiv e  system o f c e r ta in  sp e c ie s  may be such 
as to  a llow  th e  organism  to  o b ta in  maximum advantage f o r  only a  
l im ite d  range o f food m a te r ia l  which i t  i s  capable  o f in g e s tin g . 
C oncen trations of a c t iv e  l ip a s e s  and p ro te ln ac es  in  th e  d ig e s tiv e  
g land a re  a  d i s t in c t  advantage to  th e  young Ju v en ile  browns which 
consume q u a n ti t ie s  o f  b a c te r ia  and diatom s.
B. Superfluous feed in g
On th e  b a s is  o f  th e  observed high in g e s tio n  r a t e s ,  low organic 
a s s im ila tio n  e f f ic ie n c y  and h igh  organic con ten t o f th e  fe c e s , Corner 
and Cowey, (1968) concluded th a t  penaeld shrim p were sup erflu o u s fee d ­
e r s ,  In  c o n tr a s t ,  Condrey e t  a l . , (1972) s ta te d  th a t  th e  in g es tio n  
r a t e  in  penaeids i s  governed by th e  f i l l i n g  o f  th e  d ig e s tiv e  g land 
which i s  c o n tro lle d  by th e  tim e req u ire d  to  ren d e r food sm all enough 
to  e n te r  i t .  The shrim p would th e re fo re  be co n serv a tiv e  g ra z e rs , in ­
g e s tin g  no more th an  th ey  can e f f e c t iv e ly  a s s im ila te .  Supporting ev i­
dence f o r  t h i s  s ta tem en t i s  g iven  in  Table 10 which l i s t s  th e  c a lc u la te d  
r a te s  o f  in g e s tio n  and a s s im ila tio n  o f o rg an ic s . The r a te s  ten d  to  
rem ain co n stan t over th e  s iz e  range in v e s tig a te d .
Even though th e  sm a lle r  Ju v en ile  browns ra p id ly  in g e s t s u b s tra te  
components, i t  i s  apparen t t h a t  they  e f f e c t iv e ly  in g e s t and a s s im ila te  
only th e  energy con ta ined  in  o r  a sso c ia te d  w ith th e  f in e  o rgan ic  de­
t r i t a l  p a r t i c le s .  The i n i t i a l  f i n e r  s iz e  o f th e  in g es te d  p a r t i c l e s ,  th e  
g rin d in g  and s t r ip p in g  a c tio n  o f  th e  fo re g u t and th e  a c t i v i t y  o f th e  
d ig e s tiv e  enzymes may perm it th e  shrimp to  p rocess food ra p id ly . The
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larger predatory ju v en ile s  are a lso  conservative grazers in  the sense  
that they require longer periods to  p h y sica lly  disrupt in gested  t i s ­
sues and d ig e s t  the concentrations o f  organics a sso c ia ted  with them.
C. Maximum power hypothesis
W, E. Odum (1970) s ta te s  that th e  commonly accepted id ea l natural 
system should approach a maximum e f f ic ie n c y  in  converting food. In 
contrast to  th is  assumption, i s  the "maximum power" hypothesis which a s­
sumes that natural system s tend to  operate at an e f f ic ie n c y  which 
produces a maximum power output (Odum and Pinkerton, 1955). A predator 
feed in g  on a lim ited  food source would have a low rate  o f  in g estio n  and 
a high a ss im ila tio n  e f f ic ie n c y j  while an omnivore feed ing  on e a s ily  
obtained foods would ach ieve g rea test power output from a high rate  
o f food in g estio n  and a low a ss im ila tio n  e f f ic ie n c y ,
W, E, Odum (1970) observed that the m ullet, Kugil cephalus. which 
i s  a s e le c t iv e  d e tr it iv o r e , obtains a maximum power output from a large  
and continuous rate o f  in g estio n  d esp ite  a short re ten tio n  tim e. The 
rapid intake rate  i s  coupled with an a ss im ila tio n  e f f ic ie n c y  which i s  
high fo r  a few components such as ep iphytic diatoms but Is  low when 
the en tir e  bulk of in gested  organic m atter Is considered,
The sm aller ju v en ile  brown shrimp in  Airplane Lake appear to  con­
form to  the "maximum power" hypothesis. They rap id ly  Ingest large  
q u a n titie s  o f  sediment, u t i l i s in g  cer ta in  n u tr ien ts  such as b a c ter ia l  
protein  but exh ib it a low a ss im ila tio n  e f f ic ie n c y  in  re la t io n  to  to ta l  
organic in tak e, T otal a ss im ila tio n  / t im e /  shrimp i s  maximized and con­
tin u es to  in crease with s iz e  as e f f ic ie n c y  in crea ses.
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D, E co lo g ica l e f f ic ie n c ie s
Welch ( 1968) notes th a t the low er th e a s s im ila t io n  e f f ic ie n c y  
(a s s im ila t io n /in g e s t io n )  o f  an animal th e higher i s  i t s  net growth 
e f f ic ie n c y  (g ro w th /a ssim ila tio n ). In g en era l, th e  le s s  energy an 
animal e x tra c ts  from i t s  food the g rea ter  the percentage used fo r  
growth. Animals with high a ss im ila t io n  e f f ic ie n c ie s  are h erb iv o re /  
d e tr it iv o r e s .
The q u estion  th er e fo r e  e x is t s  does an in crea se  in  net growth e f ­
f ic ie n c y  compensate fo r  a low a s s im ila t io n  e f f ic ie n c y .  P o ss ib ly  an 
anim al’s a s s im ila t io n  e f f ic ie n c y  i s  low and i t s  net growth e f f ic ie n c y  
high because i t s  in g e st io n  i s  high, provid ing s u f f ic ie n t  energy fo r  
metabolism and growth. In the energy budget o f  an organism i f  in g es­
t io n  i s  decreased , th ere may be a compensatory in crea se  in  a s s im ila t io n  
e f f ic ie n c y ,  Carefoot (19^?) fed  a lgae o f  varying d ig e s t ib i l i t y  to  mem­
bers o f  the gastropod genus A plysia and found an in crease  in  n et growth 
e f f ic ie n c y  and a drop in  In g estio n  w ith decreasing food d ig e s t ib i l i t y ,  
In co n tra st, th e  data o f  Richman (1958) working with Daphnia p u lex , 
su g g ests  th at th e  in crea se  In an anim als net growth e f f ic ie n c y  and 
drop in  a s s im ila t io n  e f f ic ie n c y  Is due to  an in crea se  in  in g e stio n  
rath er than t o  an in crea se  in  net growth e f f ic ie n c y .
The e c o lo g ic a l e f f ic ie n c y  (energy produced/energy consumed) i s  
the product o f  a s s im ila t io n  e f f ic ie n c y  and net growth e f f ic ie n c y  
(Turner, 1970), The data summarized by Welch (1968) fo r  aquatic  
poikilotherm s in d ic a te s  th a t net growth e f f ic ie n c y  Is  higher in  
herbivorous than in  carnivorous forms and th ere fo re  e c o lo g ic a l e f ­
f ic ie n c ie s  are higher fo r  herbivores; however, Welch su g g ests  th at a
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s in g le  omnivorous sp e c ie s  might y ie ld  data throughout th e  spectrum o f  
p o ss ib le  growth and a ss im ila t io n  e f f i c i e n c ie s .
The younger ju v e n ile  penaeid shrimp feed in g  as a herb ivore-  
d e tr it iv o r e  could  th e o r e t ic a l ly  have a high e c o lo g ic a l e f f ic ie n c y  
due to  the combined e f fe c t s  o f  higher in g estio n  ra tes  and nature o f  
food m ateria l in g ested , Although the o v e r a ll a s s im ila t io n  e f f ic ie n c y  
i s  low the d ir e c t  u t i l i s a t i o n  o f  high energy components (b a c ter ia  and 
d e tr itu s )  r e s u lt s  in  a h igher net growth e f f ic ie n c y .
The ju v e n ile  brown shrimp feed in g  in  A irplane Lake are much 
l ik e  th e marsh grasshopper, Orchellmum, in  th a t both organisms de­
pend on a season a l bloom o f primary production, The grasshopper has 
a high population  growth e f f ic ie n c y  (p ro d u c tio n /a ss im ila tio n ) a ss im i­
la t in g  only o f  Ingested  food but converting  more to  protoplasm  
(Odum and Sm alley, 1959). T his i s  considered  to be o f  high su rv iv a l 
value fo r  th e grasshopper and presumably th e same statem ent could be 
made fo r  young shrimp,
E, Maximum assimilation values
There i s  some evidence from the r e s u lt s  o f  th is  in v e s t ig a t io n  th at  
ju v e n ile  brown shrimp reach a peak in  p h y s io lo g ic a l a c t iv i t y  w ithin  
th e  65- 8^ ram s iz e  range as organic a s s im ila t io n  e f f ic ie n c ie s  were 
h ig h est a t t h is  s i z e ,  Moshire and Goldman (19^9) observed a peak in  
a ss im ila t io n  e f f ic ie n c y  in  th e craw fish , F a sc lfa s t ic u s  len iu scu iu s  a t  
50 mm fo llow ed  by a drop in  e f f ic ie n c y ,
VI, Conclusions
This study o f  food u t i l i z a t io n  and a s s im ila t io n  in  ju v e n ile  brown
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shrimp must he considered an i n i t i a l  approach to  the problem of in ­
v e s tig a t io n  o f  food uptake in  penaeid shrimp under f ie ld  con d ition s. 
The e f fe c t s  o f temperature, sex , population d en sity , and numerous 
other re la ted  p h y sio lo g ica l and environmental fa cto rs  must be con­
sidered  to  provide a f u l l  and e f fe c t iv e  eva lu ation  o f a ss im ila tio n , 
Many o f the questions must, o f  n e c e ss ity , be answered through con­
tr o lle d  laboratory research, but i t  i s  b est to  combine the r e su lts  o f  
f i e ld  in v estig a tio n s  with those obtained through co n tro lled  experi­
mentation, The high a ss im ila tio n  e f f ic ie n c y  reported in  the l i t e r ­
ature for  commercial penaeids may g rea tly  exceed the actu a l a ss im ila ­
t io n  e f f ic ie n c y  in  the f i e ld  where lower food concentrations become 
a c r i t i c a l  fa c to r ,
The method o f evaluation  o f a ss im ila tio n  o f n u tr ien ts  i s  o f  
utmost importance and a t present has not been ex ten siv e ly  te sted  in  
the higher crustacea, Lasenby and Langford (1973) point out that the  
a sh -ra tio  method i s  not a r e a l measure o f  food absorption from the 
gut but only an approximation o f unknown accuracy. Hargrave (1970) 
used three methods (a sh -r a tio , gravim etric and ra d io -tra cer) to  e s t i ­
mate a ss im ila tio n  in  the amphipod, H y a lle lla  a s te c a , and concluded 
that measured d ifferen ces  in  a ss im ila tio n  o f  various food sources were 
so great that they could not be a ttr ib u ted  to  the method used,
Condrey e t  a l ,  (1972) s ta ted  that th e  benthic animal meiofauna 
biomass in  the Louisiana c o a sta l bays i s  in s u f f ic ie n t  to  compose a 
major portion o f  the shrimp d ie t  and concludes that o f  the naturally  
occurring foods the benthic a lg a l community and the d e t r i ta l  m icrobial 
communities on decaying Spartina are the major food sources o f the 
shrimp.
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I t  i s  the conclusion  o f th is  in v estig a tio n  that the shrimp are 
u t i l i z in g  two separate food bases. The younger ju v en ile s  are feed ­
ing  as omnivores on the benthic m icroflora and microfauna su b stra te  
w hile the older ju ven iles  are a c t iv e ly  predatory on the animal macro­
fauna a sso c ia ted  with the su rface  su b stra te , Because the maturing 
ju v en ile s  are feed in g  in  d iffe r e n t  trophic le v e ls ,  the ecosystems 




Sediment -  F a x tic le  Content
Three c a teg o r ie s  o f p a r t ic u la te  m ateria l were id e n t if ie d  in  
the su rface  sedim ents o f A irplane Lakei ( l )  an inorganic fr a c t io n  
composed o f f in e  s i l t ,  sand and s h e l l ,  (2 )  an organic category com­
posed o f  fragments o f  decaying Spartina a l t e m l f lo r a . in v erteb ra te  
remains (se ta e  jaws e t c , )  and a sso c ia ted  t is s u e ,  and ( 3) an in te r ­
mediate mixture c o n s is t in g  o f  f e c a l  p e l l e t s ,  amphipod or polychaete  
tubes and sand aggregates.
F eca l p e l le t s  or fragments o f f e c a l  p e l le t s  were th e major 
components o f th e  160 n and 335 H s ie v e  fra c tio n s  in  both shore 
and cen ter  lake reg ion s; w hile Spartina stem t is s u e  and root f ib e r s  
plus amphipod and polychaete tubes composed the 700 31 s ie v e  fr a c t io n .
Sediment -  Organic C oncentrations
The content o f  organic m atter in  th e sediment was low, exceed­
ing  20^ t o t a l  organic con cen tration  on ly  in  the 700 ji s ie v e  fr a c ­
t io n  in  shore zone sam ples. A s ig n if ic a n t  in te r a c tio n  was noted  
between p a r t ic le  s i z e  and sample lo c a tio n ; organic concen tration  
in creased  w ith p a r t ic le  s i z e  and was h igher in  th e samples from th e  
shore zone than in  th e c en ter  lake s e c t io n .
In gen era l, p ro te in  con cen tration s increased  w ith  p a r t ic le  
s iz e  in  a s so c ia t io n  with th e  animals o f  th e  su b stra te  (amphipods 
and p o ly c h a e te s ) , However, as the p lo ts  o f  the carbon-nitrogen  
r a t io s  in d ic a te , th e  higher con cen tration s o f p ro te in  occurred in
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th e  t o t a l  sediment and th e 160 u s ie v e  fr a c t io n  in  "both shore and 
c en te r -la k e  area s . This observation  may he exp la in ed  by th e fa c t  
th a t the f in e r  p a r t ic le s  formed th e  predominate p ortion  o f  th e  
t o t a l  sediment on a dry weight b a s is .  The con cen tration s o f  or­
gan ic d e tr itu s  and b a cter ia  a sso c ia te d  with th e se  sm aller  p a r t ic le s  
a re  considered  th e primary sources o f  p ro te in  in  the su rface s e d i ­
ment.
Shrimp -  P a r t ic le  Content o f th e Foregut
The p a r t ic le  content o f  th e  foregu t o f  th e  younger ju v e n ile s  
(25-44  nun) was dominated by inorganic sand and s h e l l  fragm ents, A 
reg u la r  in crea se  in  percent content o f  organic p a r t ic le s  and p a r t ic le  
s i z e  occurred over th e  ju v en ile  s i z e  range w ith g re a te s t  organic  
p a r t ic le  con cen tration s observed in  th e samples o f  foregut con ten ts  
from th e shore zone. The presence o f  ch itin o u s  e x o sk e le ta l fr a g ­
ments and p ortion s o f  t i s s u e  in  th e  foregu t o f  shrimp above 50 rom 
was considered  evidence o f  s e le c t iv e  predation  on members o f  the  
b en th ic  macrofauna.
Shrimp -  Organic Content o f  Midgut
A c o n s is te n t  in crea se  in  th e  con cen tration  o f  p ro te in  and t o t a l  
organic m atter contained  in  th e foregu t in  r e la t io n  to  th e sedim ent 
con ten t was observed over th e  s i z e  range from 25-84 mm. T ota l or­
gan ic con cen tration s in  th e  foregu t o f th e  sm a ller  ju v en ile s  c lo s e ly  
approximated th e organic content o f  th e  sedim ent and 160 w sedim ent 
s ie v e  fr a c t io n .
Organic a s s im ila t io n  e f f i c i e n c ie s  in  shrimp above 65 mm were ap-
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proxim ately double the computed e f f ic ie n c ie s  in  th e sm aller shrimp 
(41?? -  21%), The in crease  in  a ss im ila t io n  e f f ic ie n c y  corresponds 
with th e observed change in  feed ing h a b its . Organic a ss im ila tio n  
was s ig n if ic a n t ly  higher in  shrimp from the shore zone than center  
lake areas,
Maximum protein  a ss im ila tio n  e f f ic ie n c ie s  were observed in  the  
younger ju v en iles  and d eclin ed  with in crease  in  shrimp s iz e ,  Aver­
age a ss im ila tio n  e f f ic ie n c ie s  in  the s iz e  range from 25-44 mm were 
approximately f iv e  tim es the e f f ic ie n c ie s  observed in  the 65-84 mm 
s iz e  c la s s  (2 $,k% -  5 . 9%).
Conclusions
Sm aller ju v en ile s  in  the s iz e  range from 25-44 mm are considered  
omnivores or encounter-feeders, in g estin g  surface sedim ents and i t s  
d e t r i ta l  components and obtain ing th e ir  m etabolic energy from a pro­
te in  r ich  base composed o f  decaying Spartina t is s u e ,  f e c a l  p e l le t s  
and a sso c ia te d  microorganisms which are c h a r a c te r is t ic  o f the sub­
s tr a te  on which they concentrate.
Ju ven ile  shrimp from 45-64 mm are op p ortun istic  omnivores, be­
coming predatory at approximately 50 nun in  to ta l  len gth . As a s e le c t iv e  
omnivore-predator the la rg er  ju v en iles  (65-104 mm) reach a peak In 
organic a ss im ila tio n  e f f ic ie n c y .
The a ss im ila tio n  e f f ic ie n c ie s  fo r  a l l  shrimp s iz e  groups reported  
in  t h is  study are much lower than previously  reported in  the l i t e r a ­
tu re , The lower percentages are considered to  r e f le c t  the general 
abundance and poor d ig e s t ib i l i t y  o f food m ateria ls. F a ilu re to  correct
105
fo r  s ig n if ic a n t  inorganic a ss im ila tio n  would r e su lt  in  a  ser io u s error 
using the a sh -r a tio  technique.
The younger ju v en iles  compensate fo r  a low t o t a l  organic a s ­
s im ila tio n  e f f ic ie n c y  by a more e f f i c ie n t  a ss im ila tio n  o f  energy-rich  
d e tr ita l  components such as p rotein . A high conversion ra te  o f cer­
ta in  a ss im ila ted  n u tr ien ts  (p rotein ) in to  biomass r e s u lts  in  a higher 
su rv iv a l value and greater  o v e r a ll e c o lo g ic a l e f f ic ie n c y .
In Airplane Lake, the accumulation o f f in e  s i l t s ,  c la y s  and 
d e tr ita l  vascu lar plant d e tr itu s  in  the shore zone provides a r ich  
troph ic food base. This accumulation i s  d ir e c t ly  r e la te d  to  the slow­
er current flow  along shore plus drainage from the marsh su rface. The 
d e tr itu s , a sso c ia ted  microorganisms and benthic meiofauna serve as food  
fo r  the omnivorous younger ju v en ile s  (25-50 nun). The older ju v en ile s  
(50-104 mm), as op p ortu n istic  omnivores, are d ir e c t ly  predatory on the  
benthic macrofauna. The concentration  and n u tr it iv e  r ich n ess o f  the  
food m ateria ls along shore exp la ins th e higher feed ing e f f ic ie n c y  o f  
the shrimp near shore than in  the lake cen ter . The co a s ta l estu arin e  
marshes o f Louisiana are capable o f supporting large  populations o f  
ju v en ile  Penaeus aztecus due to  the fa c t  that as they mature th e shrimp 
are feed ing  a t  two trophic le v e ls  and are not d ir e c t ly  com petitive.
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Appendix Table 1, Average percentage values of major p a r t ic u la te
components in  t o t a l  sediment and s ieved  f ra c ­
t io n s  o f shore and c e n te r  lak e  a reas  and o f 
combined d a ta  means.
Organic P a r t ic le s
Key
Number 1 2 3 4 5 6 7 8 9  Sum
T ota l
shore 14 8 _
c en te r 12 10 - -
X 13 9 - -
160 U
shore 15 0.5 1
c e n te r 10 - 0.5 0..
X 13 — 0.5 1
335 V
shore 36 - 1 1
c e n te r 20 — 1 2
X 34 - 1 2
700 u
shore — - - 1
c en te r •• - 0 .5 -
X - - 1
Key
Organic P a r t ic le s
1 -  S p a rtln a  l e a f  fragm ents
2 -  d e tr i tu s  (u n id en tif ie d )
3 -  c h i t in
4 -  anim al t is s u e
5 -  polychaete (se tae-jaw s)
- - - •* - 22
- — - - - 22
• — — — 22
'.5 0 .5 17
>.5 0 .5 - - - 12
>.5 0 .5 — — 16
4. 38
- - - - - 23
37
4 20 37 62
- - 4 26 36 67
4 22 37 64
6 -  diatoms
7 -  wood
8 -  S p artin a  stem
9 -  ro o t f ib e r s
Appendix Table 1. continued, page 2.
In term ed iate  P a r t ic le s  Inorganic  P a r t ic le s
Key
Number 10 11 12 Sum 13 14 15 Sum
T o ta l
shore 39 - - 39 1 27 11 39
c en te r 28 - - 28 1 36 13 50
X 36 - - 36 1 29 12 42
160 U
shore 56 56 0 .5 24 2 18
c e n te r 42 - 42 0.5 44 1 .5 46
X 52 - 52 0 .5 30 2 32
shore 54 •* — 54 3 3 2 8
c e n te r 64 1 .5 - 66 0 .5 10 — 11
X 57 0 .5 - 58 2. 5 2 1 5
700 U
shore 9 • 28 37 - - 1 1
c e n te r 10 - 20 30 - — 3 .5 3
X 8 ** 26 34 - - 2 2
Key
In term ed ia te  P a r t ic le s
10 -  fe c a l  p e l le ts
11 -  sand aggregates
12 -  polychaete and amphipod tubes
Inorganic  P a r t ic le s
13 -  fo ram ln lfe ra  t e s t s
14 -  sand g ra in s
15 -  s h e l l  fragm ents
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Appendix Table 2 . Average percen t p a r t i c le  composition of fo regu t 
f o r  c e n te r  and near shore  samples and combined 
d a ta  means.
Organic P a r t ic le s
Key
Number 1 2 3 4 5 6 7 8 T o ta l
2 5-44 mm
shore 2 7 4 2 0 ,5 1 .5 2 19
c e n te r 2 14 8 4 0 .5 1 .5 4 - 33
i t 2 9 7 3 0 .5 1 .5 2 - 25
4-5-64 mm
shore 4 19 23 2 6 4 2 — 60
c en te r 4 23 15 6 4 * — 10 62
X 4 19 18 4 6 2 - 5 58
65-84 mm
shore 12 12 24 1 6 6 2 _ 63
c en te r 8 14 12 2 4 8 2 6 56
X 10 13 19 2 5 7 2 4 62
85-104 mm
shore 8 11 19 1 4 16 2 3 64
c en te r 8 18 24 1 3 10 2 16 82
X 8 14 22 1 4 15 1 6 71
Key
1 -  S p a rtin a  d e tr i tu s
2 -  u n id e n tif ie d  d e t r i tu s
3 -  c h i t in  fragm ents
4 -  diatoms
5 -  anim al t is s u e
6 -  poiychaete (se ta e  and jaws)
7 -  m iscellaneous
8 -  c h i t in -d e t r i tu s  aggregates
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Appendix Table 2. continued, page 2.
In term ed iate  P a r t ic le s  Inorganic  P a r t ic le s
Key
Number 9 10 11 T o ta l 12 13 1^ T o ta l
25-44 mm
shore 18 23 41 - 19 19 38
c e n te r 16 18 - 34 4 16 13 33
X 17 21 - 38 2 18 17 37
45-64 mm
shore 13 10 23 1 10 12 23
c en te r 10 16 - 26 1 4 7 12
X 12 13 - 25 1 7 9 17
65-84 mm
shore 11 4 1 16 1 4 16 21
c e n te r 12 6 2 20 2 8 14 24
X 11 4 1 16 1 6 15 22
85-104 mm
shore 15 2 1 18 - 4 14 18
c en te r 2 4 3 9 - 2 7 9
* 12 2 1 15 - 3 12 15
Key -  In term ediate  p a r t ic le s
9 -  s a n d -d e tr i tu s  aggregates
10 -  sand aggregates
11 -  f e c a l  p e l le ts
Key -  Inorgan ic  p a r t ic le s
12 -  fo ram in ife ra  t e s t s
13 -  sand g ra in s
14 -  s h e l l  fragm ents
Appendix Table 3. Average a rea  Index (leng th  x width) fo r  p a r t ic u la te  components
o f th e  fo regu t from shore and c en te r  lake  samples and th e  
combined d a ta  means.
Key
Number 1 2
Organic P a r t ic le s  
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Table 3. continued, page 2
In te rm ed ia te  P a r t ic le s  Inorgan ic  P a r t ic le s
Key
Number 9 10 11 12 13
2j£^4jnm
shore — 1664 2992 392 1456
c en te r — 2418 4950 300 2014
X - 1870 3312 364 1560
45-64 mm
shore 3896 5551 1230 7040
c en te r — 1748 5518 648 2116




11,135 9656 1110 2016
c en te r 5612 5828 780 2120
X 12,560 8816 8884 752 2054
85-104 mm
shore 12,600 28,600 7840 560 2128
c en te r 13,104 23,134 9184 4092 1944
X 14,996 27,144 8288 1254 2035
Key -  In term ed ia te  p a r t ic le s
9 -  f e c a l  p e l le ts
10 -  s a n d -d e tr i tu s  aggregates
11 -  sand aggregates
Key " Inorganic  p a r t ic le s
12 -  sand g ra in s
13 -  s h e l l  fragm ents
Appendix Table 4 . Average percen t t o t a l  organic
co n cen tra tio n  in  t o t a l  sediment 
and s iev e  f ra c t io n s  -  t o t a l  
d a ta  average and lo c a tio n  means.
% T o ta l Organic Content 
Near shore Center lake
T o ta l
Sediment 11,82 13.64 9 .30
160 N 11.44 12.77 9.62
335 V 18,82 19.86 16.53
?00 JJ 24.53 29.49 17.72
X 18.94 12.96
ls d  s ig n if ic a n c e  le v e l  
0.01 2,88 4.14 4 ,14
Appendix Table 5. Analysis o f variance to ta l
organic content o f  sediment.
Source df S3 s 2 F
Size 3 3712.90 1237.63 56.82 * *
Size
lo c a tio n  3 450.14 150.05  6.89  **
** S ig n ifican ce  a t  0.01 
S3 « Stun o f Squares 
2S =» Mean Squares
Appendix Table 6. Percent p ro te in  con ten t
o f sedim ent and com­
bined d a ta  averages fo r  
sample lo c a tio n .
S ize % Location %
T o ta l
Sediment
160 u










Lad le v e l  o f s ig n if ic a n c e  
.05 0.32
.01 0 M
Appendix Table 7, Analysis o f variance for
protein  content of sediment.
Source df SS S2 F
S ize  3 20.14 6.71 13.70 **
Location 1 3 .1? 3.17 6.47 **
** S ig n ifican ce  a t  0.01 
* S ig n ifican ce  a t  0 .05
SS a  Sun o f Squares
2
S a Mean o f Squares
Appendix Table 8, A nalysis o f  variance for  in te s t in a l  organic
content and organic a ss im ila tio n  e ff ic ie n c y .
Source
Dependent
V ariab le d f SS S2 P
Size Foregut 3 7468.86 2489.62 111,34 **
Midgut 3 2274.90 758.30 52.51 **
U* 3 1.24 0.41 56.20  **
L ocation Foregut 1 665.23 665.23 2 9 .75  **
Midgut 1 87.73 87.73 6,08 *
U* 1 0.30 0.30 4 .2 0  *
** S ig n if ic a n c e  a t  0,01 
* S ig n if ic a n c e  a t  0 ,05 
SS -  Sum o f  Squares 
2S = Mean o f  Squares
Appendix Table 9. A nalysis o f v a rian ce  f o r  p ro te in  le v e ls
in  in te s t in e  and p ro te in  a s s im ila tio n  
e f f ic ie n c y .
Source
Dependent
V ariab le d f SS s2 F
S ize Foregut 3 306.60 102.20 13.60  **
Midgut 3 20.14 6.71 13.70 **
U*p 3 0.5018 0.1672 6 .19  * *
L ocation Foregut 1 103.36 103. 36 13.75  **
Midgut 1 3.17 3.17 6 .4 ?  *
U'p 1 0,04^6 0.0*146 NS
** S ig n if ic a n c e  a t  0.01
*  S ig n if ic a n c e  a t  0 .05
SS * Sum o f  Squares
2S -  Mean o f Squares
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Appendix Table 10, L ist o f Symbols
Symbols
A .............................. Net organic weight a ss im ila te d
Ax . . . . . . . . . . . . . .  Net amount o f an organic moiety a ss im ila te d
A^/A^  ...............F rac tio n  o f ash a s s im ila te d
E* ............................ H atio o f organ ic  weight to  dry weight o f midgut
contents
F* ............................ R atio  of o rganic weight to  dry weight o f fo reg u t
contents
I .............................. Organic weight Ingested
Ix ............................ Q uantity o f  an organic moiety in g es ted
N .............................. Organic weight egested
Nx ............................ Q uantity o f an organic moiety egested
r .  ................. .. Ratio of an organic m oiety to  t o t a l  organic
weight o f in g ested  food
r  ............................ R atio  o f an organic m oiety to  t o t a l  organic
weight egested
U* .............Percent a s s im ila tio n  e ff ic ie n c y  o f t o t a l  organic
weight
U*x .......................... Percent a s s im ila tio n  e ff ic ie n c y  of an organic moiety
Note: The symbol x i s  rep laced  by the  symbol fo r  th e  s p e c if ic
organic m oiety such as: p ro te in  (P ).
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